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THE  STUDY  OF  CERTAIN    DIETARY  CONDITIONS 

BEARING  ON  THE  PROBLEM  OF 

GROWTH  IN  RATS. 

By  CASIMIR  FUNK. 

In  Cooperation  with  Joseph  Poklop. 

(Prom  the  Huntington  Fund,  Memorial  Hospital  and  Loomis  Laboratory, 
and  the  Harriman  Research  LaborcUory,  Roosevelt  Hospital,  New  York.) 

(Received  for  publication,  August  12, 1916. 

During  the  progress  of  a  series  of  investigations  carried  on 
by  the  writer  in  collaboration  with  Dr.  Macallum,'  it  was  deemed 
advisable  to  note  in  a  series  of  control  experiments  the  influence 
exerted  by  the  addition  of  various  specific  substances,  which 
might,  not  only  from  the  standpoint  of  nutrition,  but  also  from 
the  standpoint  of  correcting  deficiencies  in  diet,  bring  about 
a  better  condition  of  the  experimental  animals.  The  results 
obtained,  covering  a  period  of  nearly  2  years  and  representing 
selected  data  noted  by  observation. of  several  hundred  ratfl  ex- 
perimented upon,  are  herewith  presented. 

As  a  matter  of  experience  it  might  be  stated  at  this  time  that 
the  animals  furnished  to  us  by  dealers  seemed  to  lack  that  power 
of  resistance  which  would  make  them  suitable  for  our  feeding 
experiments.  This  was  manifested  by  a  loss  of  hair  on  being 
placed  in  the  metabolism  cages,  and  early  death  before  our  experi- 
ments were  well  under  way.  This  difficulty  was  promptly  elimi- 
nated when  rats  bred  in  our  laboratory  under  proper  dietary 
conditions  were  substituted.  The  animals  which  were  used  for 
breeding  purposes  thrive  best  when  kept  on  a  diet  of  oats,  bread, 
condensed  milk,  and  yeast.  The  success  of  this  diet  was  evidenced 
by  the  production  of  better  animals  from  the  physical,  as  well 
as  from  the  experimental  standpoint,  than  are  produced  by  any 
other  ways  yet  brought  to  our  notice.  Details  of  this  dietary 
are  shown  elsewhere  in  the  present  paper. 

>  Punk,  C,  and  Macallum,  A.  B.,  J,  Biol,  Chem.,  1916,  xxvii,  51,  63. 
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2  Dietary  Conditions  in  Growth 

In  sequence  to  our  earlier  studies  as  to  the  value  of  oats  as  an 
exclusive  diet  for  guihea  pigs  and  rabbits,^  our  later  experi- 
ments tend  to  show  that  oats,  whether  in  seed  or  germinated, 
in  conjunction  with  sodium  bicarbonate  or  alone,  were  also  an 
insufficient  or  unsuitable  diet  for  yoimg  rats. 

Our  experiments  show  that  the  quantity  of  vitamines  neces- 
sary for  stimulating  growth  in  rats  is  by  no  means  smaU.  If 
yeast  is  added  to  the  diet  to  the  extent  of  1  per  cent  the  rats 
grow  for  a  short  time,  after  which  they  begin  to  decline.  Experi- 
ments which  are  not  recorded  in  this  paper  have  shown  that  at 
least  3  per  cent  of  yeast  is  necessary  to  insure  a  satisfactory 
growth  in  rats.  Still  further  experiments  have  shown  that  yeast 
has  more  effect  in  promoting  growth  than  an  addition  of  a  few 
cc.  of  milk,  as  used  by  Hopkins.'  Yeast  can  be  regarded  as  a 
complete  food  by  itself.  It  was  therefore  necessary  to  ascertain 
whether  the  good  results  obtained  with  this  addition  are  not 
merely  due  to  a  correction  of  the  nutritive  value  of  the  protein 
used  (in  this  case,  casein)  or  to  the  presence  in  it  of  nucleic  acid. 
Consequently  a  diet  was  prepared  in  which  the  total  casein  nitro- 
gen was  substituted  by  yeast  nitrogen.  The  results  obtained  were 
not  as  satisfactory  as  when  yeast  was  used  in  smaller  amounts 
for  its  vitamine  content  only,  and  not  for  nutritive  value. 

As  orange  juice  has  shown  its  value  as  a  preventative  of  scurvy 
in  rats,  its  value  in  promoting  growth  had  to  be  ascertained.  A 
diet  which  was  made  with  orange  juice  instead  of  yeast  was  found 
to  be  without  value  for  growing  rats. 

Finally  an  inquiry  into  the  value  of  Lloyd's  reagent  as  a 
precipitant  for  the  growth-promoting  substance  in  yeast  was 
attempted.  This  reagent  has  been  introduced  hy  Seidell*  for  a 
quantitative  separation  of  beri-beri  vitamine  from  autolyzed 
yeast.  He  claimed  that  an  addition  of  50  gm.  of  the  reagent 
to  a  liter  of  autolyzed  yeast  is  sufficient  for  this  purpose.  Our 
results  seem  to  show  that  a  complete  separation  of  the  growth 
substance  could  not  be  eflfected,  since  both  the  precipitate  and 
the  filtrate  were  active,  although  to  a  lesser  degree  than  the 
original  solution,  the  activity  of  the  precipitate  being  far  more 

•Funk,  J,  Biol,  Chem.,  1916,  xxv,  409. 

•Hopkins,  F.  G.,  J.  Physiol.,  1912,  xUv,  425. 

*  Seidell,  A.,  U.  S,  Public  Health  Report,  No.  325,  1916. 
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marked  than  that  of  the  filtrate.  We  are  not  prepared  to  state 
at  present  whether  our  findings  were  due  to  the  use  of  an  insuf- 
ficient amount  of  the  reagent,  or  whether  the  separation  of  the 
growth-promoting  factor  into'two  fractions  would  be  an  explana- 
tion. We  may  be  able  to  make  a  more  definite  statement  in 
the  near  future.  That  the  value  of  autolyzed  yeast  for  growth 
experiments,  as  well  as  its  antiscorbutic  properties,  for  rats,  is 
diminished  by  the  above  process,  there  is  no  doubt  in  our  minds.* 


EXPERIMENTAL. 

Experiment  1.    The  Effect  of  Condensed  Milk  (Rats  3  and  4,  Fig.  2). 

The  diet  consisted  of  cabbage,  oats,  white  bread,  fresh  vegetables,  and 
condensed  milk.  The  female  became  pregnant  after  48  days  and  the  ex- 
periment had  to  be  discontinued.  An  unusual  appetite  for  condensed 
milk  seemed  to  be  manifested  by  these  animals  which  suggested  to  us  that 
a  possible  increased  supply  of  this  form  of  milk  might  bring  about  still 
better  results.  The  curves  compare  very  favorably  with  the  curves  of 
control  rats  published  by  previous  investigators  and  this  suggests  that 
careful  description  of  the  composition  of  normal  diet  is  desirable. 

Rats  3  (male)  and  4  (female). 


Days. 

Wdsht. 
3. 

Weight. 
4. 

fftfi. 

fftfi. 

0 

41.8 

35.0 

4 

60.0 

48.7 

8 

66.9 

55.4 

12 

83.4 

68.3 

16 

95.6 

75.9 

20 

108.7 

84.2 

24 

122.5 

93.2 

28 

134.8 

99.4 

32 

142.5 

104.4 

36 

149.7 

116.2 

40 

146.7 

121.4 

44 

148.7 

131.7 

48 

158.6 

154.5 

*  A  short  time  ago  a  paper  was  published  by  my  former  assistant  (Drum- 
mond,  J.  C,  Btochem.  J.,  1916,  x,  77)  in  which  he  criticizes  my  results 
upon  chickens  stunted  by  a  diet  of  unpolished  rice.  In  answer  I  might 
state  that,  although  his  actual  figures  fully  corroborate  my  statements, 
his  main  objection  seems  to  be  that  even  chickens  on  normal  diet  do  not 
thrive  when  kept  imder  laboratory  conditions.    This  fact,  of  which  I  am 
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Experiment  2.     The  Effect  of  Yeast  Addition  to  a  Normal  Diet  {Rats  6  and 

6,  Fig,  f ). 

The  diet  consisted  of  cabbage,  oats,  white  bread,  fresh  vegetables,  con- 
densed milk,  and  2  gm.  of  dried  yeast  daily.  The  appearance  of  these 
rats  as  compared  with  those  on  artificial  diets  showed  a  better  growth 
and  a  healthier  general  condition. 

Rats  5  (male)  and  6  (female) . 


Days. 

Weight. 
5. 

Weight. 
6. 

gm. 

gm. 

* 

0 

50.0 

49.5 

4 

69.2 

69.8 

8 

84.5 

82.3 

12 

100.0 

92.2 

16 

107.5 

96.4 

20 

122.6 

122.1 

24 

133.1 

123.1 

28 

146.4 

138.2 

32 

141.3 

133.6 

36 

160.0 

150.8 

40 

172.8 

154.3 

44 

178.5 

161.0 

48 

190.0 

168.6 

52 

199.2 

181.1 

56 

206.1 

191.3 

60 

216.0 

196.7 

64 

217.0 

197.8 

Experiment  S.     The  Value  for  Growth  and  Maintenance  of  Oats  Alone  or  toith 

Sodium  Bicarbonate.* 

Rats  29,  30,  and  31  received  oats  alone  and  Rats  32,  33,  and  34  oats  with 
1  per  cent  sodium  bicarbonate.  All  the  animals  showed  practically  no 
growth  and  died.  The  addition  of  the  alkali  has  a  distinct  deleterious 
effect  (Fig.   1). 

fully  aware,  has  been  already  emphasized  in  one  of  our  publications. 
(Funk  and  Macallum,  Z,  physiol.  Chem,,  1914,  xcii,  13).  Still  it  also  re- 
mains a  fact  that  as  a  result  of  an  inquiry  into  conditions  existing  in  poul- 
try farms,  we  are  using  now  a  mixture  of  chicken  food,  cabbage,  and  char- 
coal, the  water  being  entirely  replaced  by  milk,  thereby  succeeding  in 
diminishing  the  mortality  to  a  very  great  extent,  in  spite  of  the  fact  that 
the  birds  are  kept  in  small  cages.  With  this  improvement  we  have  ob-. 
tained  new  data  confirming  our  previous  statements  on  the  effect  of  un- 
polished rice  in  arresting  the  growth  of  young  chickens. 
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Rats  29 
alone 

,  30,  and  31.  Oats 
.  Weight  (gm.). 

Rats  32.  33,  and  34.  Oats 

and  sodium  bicarbonate. 

Weight  (gm.). 

DajB. 

29. 

30. 

31. 

32. 

33. 

34. 

0 
4 
8 
12 
16 
20 
24 
28 
32 
36 
40 
44 
48 
52 

69.6 
70.3 
68.5 
72.6 
75.8 
75.5 
74.4 
72.8 
71.4 
73.6 
72.8 
68.5 
62.2 
63.0 

68.8 
69.7 
58.5 
59.0 
57.7 
54.2 
53.3 
51.1 
50.8 
50.7 
52.5 
54.0 
48.6 
47.0 

68.8 
65.3 
57.8 
61.4 
61.5 
59.0 
55.9 
52.0 
51.5 
52.0 
50.5 
44.4 

41.6 
41.0 
46.0 
42.0 
34.2 

47.0 
45.6 
42.0 
39.5 

56.0 
59.3 
58.3 
55.7 
60.4 
57.6 
55.0 
52.1 

Experiment  4-    Germinated  OcUs  as  Compared  with  Plain  Oats  in  Their 

Value  for  Growth. 

These  experiments  have  been  performed  in  analogy  to  the  investiga- 
tion of  Furst*  who  has  found  that  germinated  oats  develop  antiscorbutic 
properties  (using  guinea  pigs).  It  was  possible  that  rats  would  grow 
better  on  germinated  seeds,  with  green  parts  already  developed,  but  this 
was  not  to  be  the  case  and  strangely  enough  the  animals  on  oats  alone 
outlived  the  others.  The  rats  (21,  22,  23,  and  24,  Fig.  1)  received  at  the 
beginning  germinated  oats,  which  were  later  supplemented  with  white 
bread.  Rats  25,  26,  27,  and  28  received  plain  oats  and  later  also  white 
bread.  From  the  18th  day  both  lots  had  an  artificial  diet  mixed  with  5 
per  cent  plain  oats  or  10  per  cent  germinated  oats,  the  latter  being  found 
twice  as  heaw  in  our  case. 


•  Furst,  v.,  Z.  Hyg.  u.  Infectionskrankh.,  1912,  Ixxii,  121. 
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Rats  21,  22,  23,  and  24. 

Rats  25,  26,  27,  and  28 

0-3 

days,  germinated 

0-3   days,  plain   oats. 

oats. 

3-18  days,  addition  of 

3-18  days,  addition  of 

white  bread. 

white  bread. 

From    the    18th    day, 

From  the  18th  day, 

Diet  2. 

Diet  1. 

Diet  1. 

Diet  2. 

gm. 

gm. 

Casein 

22 
10 

22 

Suear 

10 

Starch  

23 

30 

2 

28 

Lard 

30 

Agar 

2 

Salts 

3 
10 

3 

Germinated  oats 

Plain  oats 

5 

Weight  (gm.). 

Weight  (gm.). 

Days. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

2S. 

0 

39.5 

58.0 

44.5 

33.1 

40.3 

35.6 

36.9 

51  0 

4 

41.3 

64.0 

48.6 

37.3 

45.1 

40.2 

39.7 

5:^5 

8 

42.0 

51.0 

48.2 

36.8 

44.4 

39.8 

42.2 

54  8 

12 

39.6 

62.2 

46.8 

34.2 

44.8 

38.8 

41.4 

54.6 

16 

39.4 

69.0 

49.5 

35.0 

46.0 

40.5 

46.3 

54.9 

20 

31.7 

56.2 

46.5 

33.1 

48.0 

39.5 

52.3 

56.3 

21 

31.7 

56.2 

46.5 

33.1 

51.9 

41.2 

53.5 

M.3 

28 

33.4 

54.3 

37.0 

53.2 

53.8 

32 

37.5 

54.3 

40.4 

44.0 

51.8 

36 

37.0 

61.4 

50.2 

56.0 

40 

65.6 

54.4 

56.1 

44 

70.2 

58.0 

56.0 

48 

72.0 

61.0 

55.8 

52 

72.8 

62.2 

51.5 

56 

66.0 

55.5 

60 

66.5 

54.8 

hJxj)€nment  5.     The  Effect  of  an  Addition  of  Milk  to  an  Artificial  Diet. 

The  animals  received  the  usual  artificial  diet  and  in  addition  to  that 
at  the  beginning  of  the  experiment  1  cc.,  later  2  cc.  of  milk  each.  The 
growth  of  the  animals  was  decidedly  slower  than  on  autolyzed  yeast.     The 
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Rats  21,  22,  23,  and  24. 

Rats  25,  26,  27,  and  28 

0-3 

days,  germinated 

0-3   days,  plain   oats. 

oats. 

3-18  days,  addition  of 

3-18  days,  addition  of 

white  bread. 

white  bread. 

From    the    18th    day, 

From  the  18th  day, 

Diet  2. 

Diet  1. 

Diet  1. 

Diet  2. 

gm. 

gm. 

Casein 

22 
10 

22 

Sugar 

10 

Starch   

23 

30 

2 

28 

Lard 

30 

Agar 

o 

Salts 

3 
10 

3 

Germinated  oats 

Plain  oats 

o 

Weight  (gm.). 

Weight  (gm.). 

Days. 

21. 

22. 

23. 

24. 

25. 

26. 

27. 

2.S. 

0 

39.5 

58.0 

44.5 

33.1 

40.3 

35.6 

36.9 

51  0 

4 

41.3 

64.0 

48.6 

37.3 

45.1 

40.2 

39.7 

53.5 

8 

42.0 

51.0 

48.2 

36.8 

44.4 

39.8 

42.2 

54  8 

12 

39.6 

62.2 

46.8 

34.2 

44.8 

38.8 

41.4 

54.0 

16 

39.4 

69.0 

49.5 

35.0 

46.0 

40.5 

46.3 

54.0 

20 

31.7 

56.2 

46.5 

33.1 

48.0 

39.5 

52.3 

56.3 

24 

31.7 

56.2 

46.5 

33.1 

51.9 

41.2 

53.5 

54  3 

28 

33.4 

54.3 

37.0 

53.2 

5:^8 

32 

37.5 

54.3 

40.4 

44.0 

51.8 

36 

37.0 

61.4 

50.2 

56.0 

40 

65.6 

54.4 

56.1 

44 

70.2 

58.0 

56.0 

48 

72.0 

61.0 

55.8 

52 

72.8 

62.2 

51.5 

56 

66.0 

55.5 

60 

66.5 

54.8 

Experiment  5.     The  Effect  of  an  Addition  of  Milk  to  an  Artificial  Diet. 

The  animals  received  the  usual  artificial  diet  and  in  addition  to  that 
2it  the  beginning  of  the  experiment  1  cd.,  later  2  cc.  of  milk  each.  The 
growth  of  the  animals  was  decidedly  slower  than  on  autolyzed  yeast.     The 
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Fig.  2. 
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table  below  and  tbe  curves  for  Rats  35  (male)  and  36  (female)  are  repre- 
sented in  Fig.  4. 

gm. 

Casein 22 

Sugar 10 

Starch aS 

Lard 30 

Agar 2 

Salts 3 

0-20  days  1  cc.  of  milk. 
20-56  "     2  "    "      " 


Day*. 

35.  Male. 

38.    Female. 
Weichi. 

Food  intake. 

gm. 

gm. 

gm. 

0 

33.7 

36.6 

4 

39.5 

41.4 

8.5 

8 

44.1 

45.6 

7.6 

12 

49.4 

47.4 

8.7 

16 

53.2 

47.7 

6.3 

20 

53.7 

46.3 

6.2 

24 

52.0 

44.8 

5.9 

28 

52.6 

45.6 

5.6 

32 

51.5 

44.7 

5.5 

36 

50.7 

47.8 

5.5 

40 

64.8 

47.2 

7.5 

44 

64.0 

48.0 

5.1 

48 

63.9 

48.7 

5.2 

52 

63.3 

51.4 

4.4 

56 

66.0 

52.6 

3.6 

Experiment  6.    The  Value  of  Yeast  as  Protein  Supplier. 

Casein  in  our  artificial  diet  was  substituted  by  the  same  quantity  of 
nitrogen  in  form  of  yeast.  One  male  (37)  and  one  female  (38)  are  recorded 
in  this  experiment.  Rat  37  died  with  edema  after  44  days.  As  the  food 
intake  came  gradually  down  yeast  cannot  be  regarded  as  a  good  substitute 
for  protein.  There  is  even  a  slight  indication  of  a  toxic  action.  Rat 
38  which  survived  52  days  of  this  experiment  has  shown  an  inhibited  growth 
in  the  last  period  (Fig.  3). 

^ni.  gm. 

Yeast ^       Lard 30 

Sugar 10        Agar 2 

Starch 20        Salts 2 
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Weight. 

Days. 

Food  intake. 

37.    Male. 

38.    Female. 

gm. 

gm. 

gtn. 

0 

33.3 

39.0 

4 

45.4 

52.3 

9.1 

8 

45.7 

65.4 

9.8 

12 

50.3 

70.1 

10.8 

16 

56.3 

79.2 

10.5 

20 

61.8 

86.0 

12.4 

24 

60.1 

89.2 

11.4 

28 

58.7 

92.2 

10.1 

32 

58.0 

97.4 

10.5 

36 

64.0 

99.1 

10.7 

40 

65.0 

102.0 

10.5 

44 

61.1 

103.8 

9.8 

48 

107.6 

6.7 

52 

108.4 

5.6 

Experiment  7.    Action  of  Orange  Juice  on  Growth. 

■ 

Rats  53  and  54,  males  (Fig.  4),  were  kept  on  an  artificial  diet  in  which 
the  yeast  was  replaced  by  orange  juice  with  the  result  that  growth  was 
completely  arrested.    The  animals  died  after  5  weeks. 


gm. 


Casein 22 

Sugar 10 

Starch 23 

Lard 30 


gm. 

Agar 2 

Salts 3 

Orange  juice 10 


Weight. 

Dajrs. 

Food  intake. 

53. 

54. 

gm. 

gm. 

gm. 

0 

28.5 

30.0 

4 

35.0 

35.5 

6.6 

8 

36.0 

38.5 

5.7 

12 

37.5 

38.5 

5.1 

16 

36.5 

37.5 

5.6 

20 

37.5 

39.0 

5.3 

24 

38.5 

40.0 

4.9 

28 

35.0 

36.0 

4.6 

32 

36.0 

34.0 

4.4 

36 

31.5 

3.0 
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Experiment  8.    The  Value  of  Lloyd's  Reagent  as  Precipitating  Agent  for 

the  Growth-Promoting  Substance  in  Yeast. 

The  precipitation  with  this  reagent  was  made  according  to  the  method 
used  by  Seidell.  The  quantity  of  the  precipitate  and  the  filtrate  added 
to  the  diet  corresponded  to  10  cc.  of  autolyxed  yeast  which  gave  good  re- 
sults in  our  hands.  Rats  39  (female)  and  40  (male)  were  kept  on  the  pre- 
cipitate for  44  dajrs  and  Rats  41  (male)  and  42  (female)  (Fig.  3)  for  the  same 
time  on  the  filtrate.  The  animals  kept  on  Lloyd's  reagent  grew  de- 
cidedly better  than  those  on  the  filtrate,  but  the  separation  of  the  growth- 
promoting  substance  was  incomplete.  Autolyzed  yeast  has  lost,  appar- 
ently, most  of  its  antiscorbutic  properties  by  this  process. 


Casein 

Sugar 

Starch 

Lard 

Agar 

Salts 

Lloyd's  precipitate  made  up  to 
Lloyd's  filtrate 


Diet  2. 


22 
10 
24 
30 

2 

2 

10  cc. 


Rats  39  and  40,  Diet  2. 


Rats  41  and  42,  Diet  1. 


Days. 

Weicht. 

Food 
intake. 

Weight. 

Food 

1       A_t-^ 

39.  Female. 

40.    Male. 

41.    Male. 

43.  Female. 

intake. 

fftHm 

fftn. 

Qtn. 

fftfi. 

em. 

fftH. 

0 

44.9 

37.0 

39.1 

43.4 

4 

52.8 

45.4 

9.8 

49.5 

54.0 

11.2 

8 

54.1 

48.0 

7.5 

55.8 

43.7 

8.6 

12 

51.6 

46.7 

5.8 

59.7 

51.7 

7.9 

16 

51.6 

47.7 

7.0 

60.5 

57.4 

8.9 

20 

51.9 

46.9 

6.0 

61.6 

58.0 

8.8 

24 

51.6 

47.9 

5.5 

66.5 

63.2 

6.3 

28 

53.6 

49.4 

6.2 

70.2 

69.1 

9.5 

32 

55.0 

52.5 

6.6 

70.0 

69.0 

9.5 

36 

58.8 

52.9 

6  2 

76.0 

72.7 

7.5 

40 

60.0 

55.2 

5.5 

77.8 

76.0 

9.3 

44 

61.0 

56.3 

5.1 

78.5 

81.2 

7.9 
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SUMMARY. 

By  an  addition  of  milk  or  yeast  to  the  norilial  diet  the  growth 
of  rats  can  be  accelerated.  Oats  in  dry  state  or  subjected  to 
germination  proved  to  be  an  inadequate  diet  for  young  rats. 
Yeast  cannot  substitute  the  casein  in  the  diet  and  this  very 
likely  because  of  its  toxic  properties.  Young  rats  grow  less 
when  milk  instead  of  yeast  is  used  in  the  diet  and  they  do  not 
grow  at  all  on  orange  juice  as  addition.  Using  Lloyd's  reagent 
for  precipitation  of  the  growth-promoting  substance  from  auto- 
lyzed  yeast,  it  was  found  that  by  this  process  the  separation  seems 
to  be  not  complete;  furthermore,  the  yeast  loses  some  of  its  origi- 
nal value  as  a  stimulant  to  growth. 


COTTONSEED  MEAL  AS  AN  INCOMPLETE  FOOD. 

By  C.  a.  wells  and  P.  V.  EWING. 
(From  the  Creorgia  Experiment  Station^  Experiment.) 

(Received  for  publication,  July  11,  1916.) 

Within  the  past  few  years  it  has  been  well  established  that  cer- 
tain injuries  to  animals,  such  as  beri-beri,  result  from  deficient 
diets.  Thus,  pxu-ified  proteins,  carbohydrates,  fats,  and  mineral 
matter,  combined  in  any  proportion,  do  not  produce  normal 
growth.  A  ration  made  up  of  whole  wheat,  or  of  certain  other 
cereals,  will  produce  injury  through  lack  of  essential  food  sub- 
stances. A  diet  is  incomplete  if  it  does  not  contain  an  adequate 
amount  of  these  as  yet  unidentified  accessory  substances  as  well 
as  requisite  inorganic  salts. 

Rommel  and  Vedder  (7)  recently  advanced  the  hypothesis, 
supported  by  preliminary  experiments,  that  cottonseed  meal 
injur>'  is  similar  to,  if  not  indeed  identical  with  beri-beri  in 
man.  Our  own  experiments  (8)  had  indicated  that  in  feed- 
ing cottonseed  meal  to  pigs  to  ascertain  the  injury  said  to  result 
from  this  it  is  necessary  to  balance  the  ration,  not  so  much 
38  to  the  nutritive  ratio,  determined  by  the  amoimts  of  fats, 
carbohydrates,  and  protein  present,  but  rather  as  to  the  so  called 
accessory  food  factors.  It  is  the  purpose  of  the  present  paper 
to  relate  our  later  experiments  bearing  upon  this  phase  of  the 
cottonseed  meal  injury  question. 

EXPERIMENTAL. 

Equipment. — Mated  Duroc-Jersey  pigs  were  used.  These  were 
6  weeks  old  and  weighed  usually  about  6  to  10  kg.  each  at 
the  beginning  of  the  experiment.  They  were  kept  in  pens  or 
metabolism  cages  and  fed  under  conditions  previously  described 
in  detail  (8).  We  used  the  pig  because  it  is  said  to  be  more  sus- 
ceptible to  cottonseed  meal  injury  than  are  other  animals,  thus 
making  it  easier,  presumably,  to  measure  the  injury;  and  when 
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results  are  obtained  with  it  there  is  not  the  further  implied  neces- 
sity of  comparative  studies  as  is  always  the  case  where  rabbits 
and  similar  animals  are  used.  It  is  inexpensive,  and  lends  itself 
satisfactorily  to  metabolism  trials  in  cages. 

Feeds. — ^The  feedstuffs  were  obtained,  analyzed,  and  kept  in 
dry  storage  throughout  the  investigation.  From  the  analyses  of 
them,  and  from  the  energy  values  of  feeds  as  given  by  Armsby 
and  others,  the  dry  matter,  digestible  protein,  and  net  energy 
values  wfere  calculated  on  the  basis  of  the  feed  consumed.  The 
cottonseed  meal  was  of  a  good  grade  having  a  bright  yellow 
color  and  a  sweet  odor.  The  digester  tankage  was  a  commer- 
cial grade,  and  the  gluten  was  a  good  grade  of  Hoyt's  gluten 
flour.  The  whole  milk  was  obtained  from  a  Jersey  herd  and 
modified  by  mixing  two  parts  of  whole  milk  with  one  part  of 
skimmed  milk.  Preliminary  feeding  trials  were  made  in  each 
case  with  a  mixtiu-e  of  corn  meal  62,  wheat  middlings  30,  and 
digester  tankage  8  parts. 

TABLE  I. 

Dry  Matter  and  Digestible  Protein,  arui  Net  Energy  Values  in  Therms  in 

100  Gm.  of  Air-Dried  Substance. 


Substance. 


Corn  meal 

Wheat  middlings 

Digester  tankage 

Cottonseed  meal 

Starch 

Sugar 

Skimmed  milk 

Whole  (diluted)  milk 

Gluten  flour 

•  Energy  values  calculated. 


Total  dry 
matter. 

Nitrogen. 

Digestible 
protein. 

gm. 

gm. 

gift. 

89.1 

1.50 

8.4 

84.0 

2.80 

12.8 

92.7 

8.46 

47.1 

91.5 

6.66 

55.6 

87.3 

100.0 

9.9 

0.50 

3.6 

8.7 

0.48 

3.4 

91.3 

12.03 

63.8 

Net  energy 
value. 


thermi 

0.180 

0.171 

0.161* 

0.186 

0.223 

0.256* 

0.019 

0.024 

0.180 


In  Series  1  a  study  was  made  of  the  comparative  effects  of 
large  quantities  of  cottonseed  meal,  digester  tankage,  and  gluten 
flour  in  a  limited  basal  ration;  and  similarly  in  Series  2,  using  cot- 
tonseed meal  and  gluten  flour  in  a  basal  ration  increased  to 
absolute  maintenance.    In  the  latter  series  metabolism  trials 
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wfe**c  made.    The  results  are  summarized  in  Tables  II,  III,  and 


TABLE  II. 


€s  1.    Effects  of  Large  Qtiantities  of  Cottonseed  Meal,  Digester  Tankage, 
^id  Gluien  Flour  in  a  Limited  Basal  Diet,    Daily  Averages  in.Periods, 


Date. 


Weight. 

Feed 
con- 
sumed. 

Cotton- 
need 
meal. 

Addi- 
tional 
water. 

Dry 
matter. 

Digest- 
ible 
protein 

Net 

energy 

value. 

Injury. 

Death. 


^S  1-  Diet:  Cottonseed  meal  25  gm.,  starch  6,  sugar  2.3,  skimmed  milk 

5  CO.,  per  kg.  live  weight  daily. 


I91S 

July    1-10... 

"     10-20. . . 

"  20-30... 
Aug.  1-10... 
10-18. . . 


ti 


kg. 

gm. 

gm. 

cc. 

gm 

gm. 

tkerm9 

10.0 

383 

250 

1,223 

305 

101 

0.64 

— 

10.5 

206 

203 

1,088 

248 

82 

0.52 

+ 

10.0 

223 

163 

904 

200 

66 

0.42 

+ 

10.0 

201 

151 

1,138 

184 

61 

0.38 

+ 

10.0 

148 

104 

1,050 

127 

42 

0.27 

+ 

Pig  2.  Diet:  As  for  Pig  1,  with  1.5  gm.  gluten  flour  instead  of  5  cc.  skimmed 

milk. 


July    1-10... 

"     10-20. . . 

**  20-30... 
Aug.  1-10... 
10-15... 


« 


10.0 

383 

250 

1,137 

314 

99 

0.66 

.. 

10.0 

369 

245 

1,134 

308 

97 

0.64 

+ 

10.0 

333 

221 

1,116 

278 

87 

0.58 

+ 

11.0 

275 

190 

868 

236 

•     75 

0.50 

+ 

10.0 

120 

83 

610 

104 

32 

0.22 

+ 

Pig  3.  Diet:  As  for  Pig  1,  with  2.5  gm.  digester  tankage  instead  of  5  cc. 

skimmed  milk. 


July    1-10.... 

10.0 

383 

250 

1,110 

320 

102 

0.67 

— 

— 

"     10-20. . . . 

11.0 

421 

265 

1,310 

339 

108 

0.71 

-h 

— 

**     20-30... 

12.0 

311 

186 

964 

238 

76 

0.50 

+ 

— 

Aug.    1-  8 — 

14.0 

224 

145 

738 

185 

59 

0.40 

+ 

+ 

Pig  4.  Diet:  As  for  Pig  1,  with  12.5  gm.  gluten  flour  instead  of  25 gm. 

cottonseed  meal. 


July    1-10.... 

10.0 

258 

1,304 

190 

92 

0.40 

^_ 

_ 

"     10-20. . . . 

10.5 

253 

1,030 

154 

75 

0.30 

+ 

— 

**     20-30... 

10.0 

202 

865 

124 

60 

0.25 

+ 

— 

Aug.    1-10 — 

10.0 

187 

1,202 

115 

56 

0.24 

-h 

— 

"      10-18.... 

10.0 

129 

951 

79 

38 

0.17 

+ 

+ 

*  Removed  at  close  of  last  period  after  complete  injury,  to  prevent  death. 
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TABLE  II— Concluded. 


Date. 

Weight. 

Feed 

oon- 

Bumed. 

Cotton- 
seed 
meal. 

Addi- 
tional 
water. 

Dry 
matter. 

Digest- 
ible 
protein. 

Net 
energy 
value. 

Injury. 

Death. 

• 

Pig  5.  Diet :  As  for  Fig  1,  with  18.5  gm.  digester  tankage  instead  of  25.  guj . 

cottonseed  meal. 

1916 

kg. 

gm. 

gm. 

ce. 

gm. 

gm. 

tkerma 

July    1-20.... 

10.0 

268 

1,252 

245 

87 

0.47 

— 

— 

"     20- 

, 

Aug.  10.... 

12.0 

294 

1,060 

267 

94 

0.56 

+ 

— 

Aug.  10-30... 

13.0 

232 

985 

210 

74 

0.45 

+ 

— 

"     31- 

Sept.  20.... 

13.0 

235 

983 

212 

75 

0.46 

+ 

— 

Sept.  20- 

Oct.  9 

13.0 

211 

1,114 

192 

69 

0.42 

+ 

— 

Oct.  9-23 

10.0 

58 

389 

53 

19 

0.12 

+ 

+ 

DISCUSSION. 


It  is  evident  that  submaintenance  and  failure  to  grow  were  not 
due  to  lack  of  supply  of  carbohydrates^  fats,  protein,  and  mineral 
matter.  The  diets  were  deficient  in  some  other  essential  way; 
so  that  the  value  of  a  diet  is  not  to  be  measured  solely  by  the 
amoimt  of  protein  and  net  energy  it  contains. 

The  lethal  period  was  longer  than  that  previously  reported 
by  us  (8).  This  was  due,  no  doubt,  to  the  presence  here  of  ad- 
ditional substances  in  the  diet,  such  as  the  small  quantity  of 
milk.  Dinwiddie  (1)  found  much  the  same  thing  in  that  wheat 
bran  seemed  to  lessen  the  injury  from  cottonseed  meal,  and  the 
reports  of  others  show  that  animals  do  not  suffer  so  much  from 
cottonseed  meal  if  given  a  variety  of  food  or  access  to  pasture. 

Apparently  the  digester  tankage  was  a  more  complete  food 
than  cottonseed  meal  or  gluten  flour.  It  must  have  yielded, 
relatively,  a  larger  proportion  of  the  less  abundant  valuable 
food  factors,  such  as  trjrptophane.  Or,  in  the  case  of  Pigs  1,  2, 
and  3,  the  diets  may  have  contained  a  toxic  substance. 

The  injury  was  not  acute.  Through  physical  appearances 
and  the  metabolic  characteristics  it  was  manifested  long  before 
death.     This  is  not  in  agreement  with  the  observations  of  many 
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other  investigators.  We  are  inclined  to  believe,  however,  that 
in  the  reported  cases  of  acute  cottonseed  meal  injury,  careful 
periodic  measurements  would  have  disclosed  the  injury  before 
death.  This  is  inaportant;  for  if  well  nourished  animals  die  of 
the  injury  as  often  claimed,  the  same  cannot  be  due  to  a  deficient 
diet  and  inanition,  but  must  be  due  to  a  toxic  effect. 

The  ingestion  of  smaller  quantities  of  nitrogenous  foods  avS 
the  injury  advanced,  and  the  retarding  effect  of  additional  nitrog- 
enous foods,  indicate  that  excess  of  nitrogen  did  not  cause  the 
injury.  When  upon  an  assured  maintenance  diet  the  sugar, 
starch,  and  other  foods  did  not  produce  injury.  And  since  the 
pigs,  upon  full  maintenance,  would  not  eat  much  cottonseed 
meal,  it  was  necessary  to  feed  the  basal  diet  separately  that 
it  might  all  be  eaten. 

Postmortem  examinations  were  made  in  all  cases,  but  the  re- 
sults are  omitted  here,  because,  as  shown  in  detail  in  a  previous 
publication  (8),  they  varied  so  widely  as  to  have  little  inter- 
pretive value.  Among  those  characteristics  which  were  found 
most  constant  may  be  mentioned:  a  rough  coat;  dry,  harsh, 
and  scaly  skin;  weakness  and  emaciation  as  shown  by  physical 
appearance  and  entire  absence  of  fat  from  kidneys  and  mesen- 
tery; and  bones  usually  though  not  always  brittle. 

From  results  in  Series  2  it  appears  that  injury  was  not  prevented 
by  that  amoimt  of  milk  which  Hopkins  (3)  found  suflScient  for 
protection  of  rats  receiving  a  deficient  diet.  Even  Dietrich's 
maintenance  allowance  for  pigs  was  inadequate  here.  But 
absolute  maintenance  was  assured  when  the  milk  was  increased 
to  70  CO.  per  kg,  live  weight  daily. 

The  death  of  Pig  10  was  due  probably  to  a  tumor-like  internal 
injury  revealed  by  postmortem  examination.  In  all  other  cases 
death  resulted  in  part  from  lack  of  sustenance.  It  should  be 
noted,  however,  that  Pig  9  died  4  days  after  its  maintenance  was 
made  absolute  by  the  addition  of  milk.  The  fact  that  it  did  not 
respond,  as  did  Pigs  6,  7,  and  8,  to  this  increased  milk  allowance, 
leaves  the  possibility  to  be  reckoned  with  that  the  cottonseed 
meal  contained  a  specific  injm*ious  effect  apart  from  its  lack  of 
essential  food  factors. 
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The  metabolism  trials  confirm  the  results  formerly  reported  (8) 
"to  the  effect  that  on  such  diets  the  pig  is  unable  to  deflect  nitrogen 
:from  urea  to  form  ammonia  to  neutralize  any  excess  acids  pres- 
ent. The  low  utilization  of  nitrogen  in  diets  highly  efficient 
ior  growth  and  its  high  utilization  in  diets  inefficient  for  growth 
may  be  explained  on  the  basis  that  the  animals  when  on  restricted 
diets  utiUzed  the  nitrogen  to  the  greatest  possible  extent  in  an 
effort  to  obtain  those  particular  substances  much  needed  yet 
present  to  a  limited  extent  in  the  diet.  This  explanation,  of 
course,  is  not  in  keeping  with  the  conmionly  accepted  view  that 
the  character  of  a  ration  does  not  affect  the  degree  of  utilization 
of  any  food  constituent.  Yet  it  should  be  borne  in  mind  that 
Mendel  and  Fine  (4,  5,  6)  have  shown  that  the  proteins  of  corn, 
wheat,  and  meat  are  utiUzed  in  carnivora  to  approximately  the 
same  extent;  namely,  =*=  93  per  cent.  One  would  expect,  there- 
fore, upon  mixing  these  substances  together,  as  was  essentially 
the  case  in  our  preliminary  and  recuperative  diets,  to  obtain  an 
equivalent  utilization  of  the  nitrogen.  But  this  did  not  happen. 
The  nitrogen  was  utiUzed  to  approximately  76  per  cent,  which 
is  about  the  figure  given  in  the  Uterature  for  this  food  mixture. 
Constant  watch  was  kept  to  see  that  the  pigs  did  not  eat  the 
feces;  and  from  the  results  in  Table  IV  it  is  evident  that  in  the 
restricted  diets  anabolism  was  at  its  maximum,  while  in  the  case  of 
the  normal  preliminary  and  recuperative  diets  much  of  the  nitro- 
gen went  to  waste.  When  on  a  bountiful  diet,  the  animal  ap- 
parently selected  with  ease  those  substances  demanded  by  the 
specifi.cally  established  phjrsiological  processes  of  the  body,  includ- 
ing nitrogen,  letting  much  go  to  waste  through  the  feces;  but 
when  the  diet  was  restricted,  the  tendency  was  to  increase  the 
nitrogen  utilization  beyond  that  required  by  the  body  in  an  effort 
to  obtain  the  other  necessary  substances.  A  reference  to  our 
related  work  on  the  associative  action  of  foods  with  steers  (2) 
where  cottonseed  meal  was  fed  alone  as  a  restricted  diet,  and  with 
corn  silage  making  a  fairly  normal  diet,  shows  this  same  increased 
utilization  of  nitrogen  on  the  restricted  diet.  The  results,  of 
course,  are  based  upon  limited  data  and  are  indicative  rather 
than  conclusive. 
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The  decrease  in  creatinine  in  the  urine  when  the  pigs  were 
changed  from  the  normal  to  the  experimental  diets  was  not  as- 
sociated with  the  possibility  of  preformed  creatinine  in  the 
digester  tankage  fraction,  as  shown  by  separate  trials  not  re- 
corded here.  The  creatinine  decrease  indicated  a  condition  of 
inanition  and  impaired  muscular  activity.  The  creatinine  not 
eliminated  was  utilized,  perhaps,  as  food,  for  which  there  was  an 
increased  demand  in  the  one-sided  diets.  Throughout  it  is  evident 
that  inanition  played  an  important  part  in  the  injury. 

The  results  show  that  in  studies  of  so  called  cottonseed  meal 
injury  with  pigs  it  is  necessary  to  eliminate  the  interference  of 
inanition  by  feeding  a  basal  diet  which  contains  those  substances 
requisite  for  normal  growth  in  addition  to  the  dry  matter,  di- 
gestible protein,  and  net  energy  usually  considered.  The  diet 
must  contain  milk  or  some  combination  of  other  foods  of  known 
growth-producing  value. 

CONCLUSIONS. 

1.  Cottonseed  meal  is  an  incomplete  food.  This  is  true  even 
when  it  is  fed  with  sugar  and  starch  to  a  wide  nutritive  ratio. 

2.  Pigs  upon  an  absolute  maintenance  diet  ate  in  addition 
only  small  quantities  of  cottonseed  meal  and  were  not  greatly 
injured  by  it. 

3.  So  called  cottonseed  meal  injury  is  due  in  large  part  to 
inadequate  diets. 
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THE  PHYSIOLOGICAL  RELATION   OF  PLANT  CAROTI- 

NOIDS  TO  THE    CAROTINOIDS  OF  THE  COW, 

HORSE,  SHEEP,  GOAT,  PIG,  AND  HEN. 

By  LEROY  S.  palmer. 
{From  the  Dairy  Chemistry  Laboratory,  University  of  Missourif  Columbia. ) 

(Received  for  publication,  July  24,  1916.) 

It  has  been  shown  by  the  author'  that  the  natural  yellow  pig- 
ments which  characterize  the  milk  fat  and  tissue  fat  of  the  cow, 
the  milk  fat  of  the  human,  and  the  egg  yolk  and  tissue  fat  of 
the  hen,  owe  fheir  origin  to  the  carotin  and  xanthophyll  pig- 
ments present  in  the  food.  These  natural  plant  pigments,  which 
are  collectively  known  as  carotinoids,  appear  to  be  transferred 
in  some  simple  fashion  by  the  blood  serum  from  the  digestive 
tract  to  the  fat-forming  organs  where  they  became  incorporated 
with  the  synthesized  fat.  Just  how  this  is  brought  about  is 
at  present  obscure.  The  author  has  shown  conclusively,  how- 
ever; that  the  presence  of  pigment  in  deposited  tissue  fat,  or  in 
the  egg  yolk,  or  in  the  milk  fat  depends  exclusively  upon  the 
presence  of  the  same  pigment  in  the  blood  serum.  For  example, 
when  cows  were  fed  rations  nearly  devoid  of  carotinoids,  these 
pigments  practically  disappeared  frona  the  blood  serum,  and  the 
milk  fat  became  almost  colorless.  Similarly,  when  laying  hens 
were  fed  rations  nearly  devoid  of  carotinoids  the  blood  serum, 
as  well  as  the  egg  yolks,  showed  almost  complete  absence  of  these 
pigments. 

Probably  the  most  interesting  result  of  the  study  of  the  yellow 
pigments  which  characterize  animal  fat  has  been  the  demon- 
stration of  the  fact  that  the  yellow  pigments  which  are  resorbed 
from  the  digestive  tract  of  the  cow  consist  almost  exclusively 
of  carotin,  very  small  portions  of  the  xanthophyll  group  of  pig- 
ments  being  present.     The   pigment   which   characterizes  the 

»  Palmer,  L.  S.,  and  Eckles,  C.  H.,  /.  Biol,  Chem,,  1914,  xvii,  191. 
Palmer,  L.  S.,  ibid.,  1915,  xxiii,  261. 
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egg  yolk  and  tissue  fat  of  the  hen,  on  the  other  hand,  consists 
almost  exclusively  of  xanthophyll,  relatively  little  carotin  being 
resorbed.  The  pigments  of  human  milk  fat,  in  the  case  of  one 
woman  studied  by  the  author,  appear  to  consist  of  much  more 
nearly  equal  parts  of  the  two  classes  of  carotinoids. 

Another  interesting  fact  developed  with  reference  to  the  man- 
ner in  which  the  blood  serum  of  the  cow  and  hen  carries  the  pig- 
ment characteristic  of  the  species.  In  the  case  of  the  cow  the 
carotin  of  the  blood  serum  is  in  some  sort  of  physical  or  chemical 
combination  with  albumin.  This  compound,  which  the  author 
has  called  caroto-albumin,  is  easily  isolated  from  fresh  serum. 
It  is  readily  soluble  in  water,  while  carotin  itself  is  soluble  only 
in  the  fat  solvents.  In  the  case  of  the  hen  serum,  however,  no 
such  combination  appears  to  exist  between  xanthophyll  and 
protein,  the  pigment  being  readily  extracted  from  the  serum  with 
ether,  which  is  in  marked  contrast  to  the  complete  failure  of 
pure  ether  to  extract  any  carotin  from  the  fresh  blood  serum  of 
the  cow. 

Carotinoids  in  Other  Species  of  Animals. 

The  presence  of  carotin  in  the  cow  and  xanthophyll  in  the 
hen,  in  each  case  to  the  relative  exclusion  of  the  other  members 
of  the  carotinoid  group,  raised  the  question  of  what  pigments 
characterize  the  tissue  fat  and  blood  serum  of  animals  of  other 
species.  The  author  has  recently  had  an  opportunity  to  investi- 
gate this  question  in  the  case  of  the  horse,  pig,  sheep,  and  goat. 
It  is  the  purpose  of  this  paper  to  set  forth  briefly  the  results  of 
that  study. 

Carotinoids  in  Swine. — Considerable  interest  was  attached 
to  the  study  in  the  case  of  the  swine,  and  also  in  the  case  of  the 
sheep,  reported  below,  on  account  of  the  fact  that  the  tissue  fat 
of  each  of  these  species  is  characteristically  colorless.  The  ques- 
tion involved  was  whether  this  would  be  found  to  be  due  to  dif- 
ferences between  these  species  and  the  cow  and  hen  at  the  seat 
of  the  fat  synthesis,  or  to  the  failure  of  the  carotinoids  to  be  re- 
sorbed from  the  digestive  tract. 

Blood  was  secured  from  three  pure-bred  swine,  representing 
the  Duroc-Jersey,  Poland  China,  and  Berkshire  breeds.  For 
several  weeks  before  they  were  slaughtered  the  animals  had  run 
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pasture  containing  an  abundance  of  fresh  blue^rass.  The 
onditions  were  thus  most  favorable  for  the  largest  transfer  of 
arotinoids  into  the  blood  stream.  The  blood  from  each  of  the 
nimals  was  defibrinated  at  once,  and  the  plasma  centrifugalized. 
serum  was  tested  for  the  presence  of  carotin  and  xanthophyll 
several  methods.  The  reader  is  referred  to  the  previous  work 
>Dy  the  author-  for  a  description  of  these  methods.  Desiccation 
f  the  serum  with  plaster  of  Paris  and  extraction  with  petroleum 
ther  and  ether  after  moistening  with  absolute  alcohol  is  the  easiest 
^^nd  most  reUable  method  for  extracting  the  carotinoids  from 
l)lood  serum. 

The  results  in  the  case  of  each  of  the  three  pigs  were  absolutely 
negative.  Not  a  trace  of  either  carotin  or  xanthophyll  was  pres- 
ent in  the  blood  serum. 

Carotinoids  in  Sheep, — Blood  was  secured  from  five  pure- 
tred  ewes,  representing  the  following  breeds:  Dorset,  Hamp- 
shire, Merino,  Shropshire,  and  Southdown.  Each  of  the  ewes 
was  in  milk  with  the  exception  of  the  Hampshire.  The  animals 
received  an  abundance  of  fresh  blue-grass  pasture  for  several 
weeks  before  they  were  bled.  The  blood  was  secured  from  the 
jugular  vein  by  means  of  a  trocar,  about  150  cc.  being  obtained 
from  each  animal.  The  four  ewes  in  milk  were  milked  at  the 
same  time  the  blood  was  drawn,  the  milk  from  the  Dorset  and 
Southdown  ewes  being  combined,  as  was  also  that  from  the 
Merino  and  Shropshire  ewes. 

The  blood  from  each  animal  was  defibrinated,  the  plasma  cen- 
trifugalized, and  the  serum  examined  for  the  presence  of  caroti- 
noids. The  extracts  from  10  cc.  portions  of  the  serum  failed  to 
reveal  any  pigment  whatever,  but  the  combined  extracts  from 
about  150  cc.  of  serum,  when  concentrated  to  a  volume  of  5  to  10 
CO.  showed  a  pale  yellow  color,  which  was  completely  extracted 
from  85  per  cent  alcohol  by  both  petroleum  ether  and  carbon  di- 
sulfide, indicating  that  the  pigment  was  carotin.  The  merest 
traces  of  pigment  thus  appeared  to  be  present  in  the  blood  of  the 
five  sheep  examined. 

The  milk  obtained  from  the  ewes  was  churned,  without  sepa- 
rating, on  account  of  the  small  amount  obtained.  The  butter 
in  each  ease  was  *'dead"  white  in  color,  but  when  rendered  it 

"Palmer  and  Eckies,  J.  Biol.  Ch*m.,  1914.  xvii.  223-236. 
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had  a  faint  greenish  tint  which  may  have  been  due  to  the  presence 
of  carotin.  Not  enough  butter  fat  was  secured  to  investigate 
this  point  further. 

Carotinoids  in  the  Goat. — Blood  was  secured  from  a  she-goat  of 
the  Angora  breed  while  receiving  an  abundance  of  fresh  green  feed. 
The  goat  was  dry  at  the  time,  so  that  no  milk  was  obtained. 

The  study  of  the  blood  serum  indicated  the  possible  presence 
of  faint  traces  of  carotin.  The  extract  of  10  cc.  of  serum  would 
have  been  judged  colorless,  however,  had  it  not  been  compared 
carefully  with  a  similar  amount  of  fresh  petroleum  ether. 

The  study  of  the  yellow  pigmentation  in  the  case  of  the  goat 
was  of  special  interest  owing  to  the  investigation  of  the  trans- 
ference of  pigments  into  milk  by  Dombrowsky,'  who  fed  a  goat 
on  carrots  and  observed  whether  the  carotin  passed  into  the 
milk.  Two  feeding  trials  2  weeks  apart  resulted  in  the  obser- 
vation by  Dombrowsky  that  the  milk  was  yellowish  on  the  even- 
ing of  the  2nd  day  of  the  first  feeding  trial  and  was  clearly  yel- 
lowish on  the  3rd  and  4th  days  of  the  second  trial.  An  attempt 
to  show  that  the  color  was  due  to  carotin  resulted  in  failure  in 
each  case.  The  test  used  was  the  application  of  the  well  known 
color  reaction  of  carotin  with  concentrated  H2SO4,  to  the  residue 
from  an  ether  extract  of  the  milk.  If  considerable  carotin  was 
present,  which  the  author  doubts,  the  test  used  by  Dombrowsky 
would  have  been  vitiated  by  the  fat  present  in  the  extract,  since 
no  attempt  was  made  to  eliminate  it.  It  is  unfortunate  that 
Dombrowsky  failed  to  observe  whether  the  fat  in  the  milk  showed 
an  increased  color  accompanying  the  carrot  feeding.  A  state- 
ment of  the  breed  of  the  goat  used  would  also  have  enhanced 
the  value  of  his  results. 

Carotinoids  in  the  Horse. — Blood  serum  was  secured  in  the 
usual  way  from  a  horse  which  had  been  running  on  fresh  blue- 
grass  pasture  for  several  weeks.  The  serum  was  found  to  be 
rich  in  carotin.  No  xanthophyll  was  found  to  be  present.  The 
manner  in  which  the  horse  serum  carries  the  carotin  was  foimd 
to  be  identical  with  that  of  the  cow.  The  isolation  of  the  water- 
soluble  caroto-albumin  from  100  cc.  of  serum  was  carried  out 
with  the  greatest  ease.  The  method  used  may  be  of  interest 
to  the  reader  and  will  be  described  brieflv. 

*  Dombrowsky,  Arch.  Hyg.,  1904,  1,  18:^. 
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100  cc.  of  the  fresh  serum  were  diluted  with  an  equal  volume 

»^  water  and  treated  with  200  cc.  of  saturated  (NH4)2S04  solution. 

standing  1  hour  the  globulin  was  filtered  off  on  a  Buchner, 

suction.    The  deep  yellow  filtrate  was  heated  carefully 

a  water  bath  to  79**C.    The  heavy  coagulum  which  formed 

filtered  off  on  a  Buchner,  using  suction.    The  golden  yellow 

was  treated  with  (NH4)2S04  in  substance  until  precipita- 

'ik^ion  of  the  pigmented  protein  occurred.    This  was  filtered  off, 

^^.lasing  suction,  which  was  continued  until  the  precipitate  on  the 

'unnel  was  free  from  visible  moisture.     It  had  a  dark  yellowish 

>rown  appearance.     It  dissolved  readily  in  50  cc.  of  warm  water, 

Lving  a  deep  yeUow  solution.     It  was  not  possible  to  extract  the 

^^arotin  from  this  solution  until  the  pigment  was  first  freed  from 

"^he  protein  with  alcohol. 

The  amount  of  carotin  carried  by  a  unit  volume  of  horse  serum 

'^vas  found  to  be  considerably  less  than  that  carried  by  the  serum 

^Df  the  cow.     Where  5  cc.  of  horse  serum  gave  an  extract  giving 

^i  reading  of  3.75  units  of  yellow  and  0.4  units  of  red  in  the  Lovi- 

lx>nd  tintometer  in  a  1  inch  layer  and  12.5  cc.  volume,  a  similar 

aunount  of  cow  serum  under  like  conditions  gave  an  extract  in 

'former  studies  showing  as  high  as  27.0  imits  of  yellow  and  0.9 

units  of  red. 

No  opportunity  was  offered  to  investigate  the  yellow  pigment 
which  characterizes  the  tissue  fat  of  the  horse,  but  it  may  with 
safety  be  assumed  to  be  carotin  in  view  of  the  results  of  the 
studies  made  by  the  author  with  the  cow  and  hen. 

CONCLUSIONS. 

A  definite  physiological  relation  exists  in  all  species  of  animals 
between  the  pigmentation  of  tissue  fat  with  carotinoids  and  the 
presence  of  these  pigments  in  the  blood  serum.  Species  whose 
tissue  fat  is  colored  with  the  carotinoids,  which  include  the  cow, 
horse,  and  hen,  carry  the  pigments  in  the  blood  serum.  Species, 
the  tissue  fat  of  which  is  characterized  by  being  colorless,  includ- 
ing swine,  sheep,  and  goats,  carry  only  insignificant  traces  of  the 
earotinoids  in  the  blood  serum  even  under  the  most  favorable 
conditions. 

An  abundance  of  carotin  in  the  blood  serum  and  in  the  tissue 
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fat  is  not  a  specific  characteristic  of  the  ruminants,  as  indicated 
by  the  absence  of  carotin  from  the  blood  serum  and  tissue  fat 
of  sheep  wd  goats  and  its  presence  in  the  horse.  The  factors 
underlying  the  difference  between  these  species  in  this  respect 
offer  an  interesting  field  for  study,  as  do  those  factors  which 
cause  the  relatively  exclusive  resorption  of  carotin  in  the  case 
of  the  cow  and  horse,  and  xanthophyll  in  the  case  of  the  hen. 


"XHE    RELATION    OF    THE    UNIDENTIFIED    DIETARY 
FACTORS,   THE    FAT-SOLUBLE  A,  AND  WATER- 
SOLUBLE  Bf  OF  THE  DIET  TO  THE  GROWTH- 
PROMOTING  PROPERTIES  OF  MILK.^ 

Bt  £.  V.  McCX)LLUM.  X.  SDIMOXDS,  axd  W.  PITZ. 

From  ike  Labaraiory  of  Agricuitwal  Chemislrff  of  the  WiMomsin  Erperi" 

ment  SUUiott.  Madimm.) 

i.KeoeiTed  for  publicauon.  July  31,  1916.) 

The  results  of  neariy  a  thousand  feeding  experiments  which 
"ve  have  conducted  with  our  rat  colony  during  the  last  few  years 
^H  support  the  working  hypothesis  which  we  have  explained 
:and  supported  by  experimental  evidence  in  a  number  of  pre- 
viou?  papers.^  This  assumes  the  necessity  of  two  dietary 
^essentials  as  yet  unidentified  in  the  diet  for  growth  or  prolonged 
maintenance;  ru..  the  fat-soluble  A  of  butter  fat  and  certain 
odier  foodstuffs,  and  the  water-soluble  B  which  we  have  supplied 
by  means  of  extracts  prepared  with  water  or  alcohol  from  several 
foodstuffs. 

These  substances,  or  possibly  groups  of  substances,  which 
are  indispensable  from  the  diet  during  growth  are  of  interest  in 
relation  to  their  possible  formation  within  the  maternal  organism 
in  connection  with  milk  secretion.  Experimental  inquiry  has 
Dot  yet  revealed  the 'degree  of  dependence  of  animals  upon  a 
supply  of  these  two  dietar>'  factors  after  growth  has  been  com- 
pleted. The  evidence  available  would  seem  to  point  to  the  neces- 
sity of  at  least  one  of  them,  the  water-4^>luble  B.  throu^out 
life,  for  extracts  which  contain  it  induce  relief  of  pol\'neuritis, 
and  this  may  have  its  incidence  at  any  time  during  life.     The 

•  p-jblisbsrj  with  the  p?rmi55ioa  of  ih?  Dirc-cior  of  th?  Wlsioasin  Ktperi- 
aent  S:&i:on. 

»MtCo!:uin.  E.  V.,  and  Davis.  M..  /.  Bio!,  rhrm..  1915.  xxiii.  ISl,  231. 
MeC>l!u!n.  E.  V..  S:mni3nl5.  X..  an  J  P.:z.  W..  i"*;/.,  1915-  x\v.  1J5. 
Hart,  E.  B.,  Miller,  W.  S..  and  .McCoIJum.  E.  V..  »v.  /..  1916,  rxv,  2». 
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failure  of  rats  to  remain  in  a  state  of  health  on  diets  lacking 
the  fat-soluble  A  we  have  pointed  out  in  the  papers  cited. 

The  possibility  still  remains  that  the  gonads,  particularly 
in  the  female,  or  the  mammary  tissue,  may  be  capable  of  pro- 
ducing one  or  both  of  these  two  dietary  factors  for  the  preserva- 
tion of  the  young.  The  prevalence  of  infantile  beri-beri  among 
children  whose  mothers'  diet  is  insufficient  to  prevent  this  dis- 
ease may  be  raised  against  this  assumption.  The  possibility 
still  remains,  however,  that  the  diet  of  these  people,  which  is 
restricted  as  to  source  and  variety,  and  is  of  poor  quality,  may 
be  inadequate  with  respect  to  the  preventive  substance  itself 
and  also  as  to  its  content  of  a  possible  precursor  from  which  it 
might  be  formed  through  the  peculiar  property  of  a  special  or- 
gan in  a  manner  analogous  to  the  formation  of  the  various  hor- 
mones of  internal  origin. 

In  order  to  test  this  point  it  seemed  desirable  to  observe  the 
ability  of  normal  female  rats  to  suckle  their  young  when  confined 
to  a  diet  which  is  known  to  be  adequate  for  growth  when  satis- 
factory amounts  of  the  unidentified  A  and  B  are  added,  and  in- 
adequate for  growth  when  either  of  these  factors  is  omitted. 
The  paucity  of  such  a  diet  in  possible  precursors  is  hardly  to  be 
expected  and  the  results  should  enable  us  to  decide  whether 
these  two  essential  substances  pass  into  the  milk  only  when  they 
are  furnished  in  the  diet. 

Method  of  Procedure. 

Female  rats  were  fed  a  ration  of  natural  foodstuffs  until  they 
delivered  their  young.  When  the  birth  of  young  was  observed 
the  litter  was  in  all  cases  reduced  to  four,  in  order  that  the  nutritive 
undertaking  for  the  mother  in  rearing  them  might  not  be  exces- 
sive. Several  series  of  experiments  were  conducted  in  which 
the  basal  ration  consisted  of  purified  casein,  dextrin,  inorganic 
salts,  and  agar-agar.  It  was  adequate  for  growth  except  for 
the  absence  of  the  dietary  factors  A  and  B.  In  a  second  series 
the  same  ration  plus  butter  fat  (fat-soluble  A)  was  employed. 
In  a  third  series  the  water-soluble  B  only  was  added  to  the  basal 
ration  in  the  form  of  an  alcoholic  extract  of  wheat  embryo,  and 
in  a  fourth  series  both  the  fat-soluble  A  and  the  water-soluble 
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B  were  added.  The  results  of  feeding  these  rations  to  nursing 
mothers,  as  shown  by  their  ability  to  induce  growth  in  their  young, 
sre  shown  in  Charts  3  to  6.  For  comparison  we  include  also 
the  records  of  rats  fed  a  ration  during  the  lactation  which  con- 
tained both  the  unidentified  A  and  B  but  lacked  protein. 

DISCUSSION   OF  RESULTS. 

The  observation  of  Decaisne,-  during  the  siege  of  Paris,  that 
even  during  fasting  or  partial  fasting  vigorous  young  women 
were  able  to  keep  up  a  flow  of  milk  sufficient  to  induce  some  growth 
in  their  infants,  is  in  harmony  with  unpublished  data  obtained 
by  Professor  Hart  of  this  laboratory.  His  data  show  that  cows 
tend  to  keep  up  the  flow  of  milk  when  the  character  of  the  diet 
is  such  as  to  induce  a  decided  negative  nitrogen  balance,  and  that 
the  product  closely  approximates  the  normal  composition  with 
respect  to  the  constituents  usually  determined  in  analysis.  This 
supports  the  view  tliat  the  failure  of  the  young  to  grow  in  cer- 
tain of  these  experiments  was  not  due  to  a  depression  of  the  milk 
supph',  but  to  the  production  of  milk  which  was  not  adequate 
for  the  promotion  of  growth  on  accoimt  of  its  deficiency  in  one 
or  both  of  the  unidentified  factors  we  are  considering. 

It  seems  necessary'  to  conclude  that  these  two  constituents 
of  the  diet  pass  into  the  milk  only  as  they  are  present  in  the  diet 
of  the  mother,  and  that  milks  may  vary  in  their  growth-pro- 
moting power  when  the  diets  of  the  lactating  animals  differ 
widely  in  their  satisfactoriness  for  the  growth  of  young. 

It  seems  further  justifiable  to  conclude  that  the  chemical 
natures  of  the  fat-soluble  A  and  the  water-soluble  B,  whether 
these  represent  in  each  case  a  single  substance  or  a  group  of 
substances,  are  of  such  a  character  that  they  cannot  be*  formed 
within  the  animal  body  from  any  of  the  cleavage  products  of 
proteins. ' 

'Decaisne,  E..  Gaz.  mid.  Paris,  1871,  317. 
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Chart  1 


Chart  1,  Lot  503,  illustrates  the  rate  of  gain  of  a  litter  of  four 
young  rats  when  the  ration  of  the  mother  consisted  of  a  highly 
satisfactory  mixture  of  natural  foodstuffs.  The  mother  was 
able  to  increase  her  weight  while  the  young  were  gaining  at  a 
remarkable  rate. 

We  have  described  elsewhere  the  growth  and  reproduction 
records  of  rats  confined  to  this  diet.' 

'  McCoUum  and  Davis,  /.  Biol.  Chem.,  1915,  xxi,  638. 
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The  ration  of  this  rat  consisted  of: 

Casein 10.0  Composition  of  Salt  Mixture  211. 

Milkpowder 10.0  NaCl 0.520 

Wheat 64.0  CaH*  (P04)iH,0 0.276 

Salt  mixture  (211) 3.6  Ca  lactate 1.971 

Dextrin :  7.4  K  citrate 0.799 

Butter  fat 5.0  Fe  acetate 0.100 

Chart  2,  Lot  640,  Period  1,  illustrates  the  extent  to  which 
the  mother  can  sacrifice  her  own  tissues  for  the  preservation  of 
the  young  when  her  diet  contains  all  the  essential  factors  except 
protein,  and  shows  the  rapid  loss  in  weight  of  the  mother  and  the 
slow  growth  of  the  young.  Upon  the  addition  of  18  per  cent 
of  casein  in  Period  2  after  5  days  and  9  days  respectively  on  the 
protein-free  diet,  they  were  able  to  increase  perceptibly  the 
rate  of  growth  of  the  young  and  practically  began  to  maintain 
their  own  body  weights. 

The  ration  in  Period  1  (Lot  640)  consisted  of: 

Dextrin * 89.3        Composition  of  Salt  Mixture  185. 

Salt  mixture  (185) 3.7        NaCl 0.173 

Butter  fat 5.0        MgSOi  (anhydrous) 0.266 

Agar-agar 2.0        NaH,P04H,0 0.347 

K,HP04 0.954 

CaH4  (POOiHrf) 0.540 

Ca  lactate 1.300 

The  dextrin  carried  the  alcoholic  extract  of  10  gm*  of  wheat  embryo. 
In  Period  2,  18  per  cent  of  casein  replaced  an  equivalent  amount  of 
dextrin. 
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40  Unidentified  Dietary  Factors 

Chart  3,  Lot  504,  illustrates  the  degree  to  which  the  mothe 
can  induce  growth  in  the  young  when  the  diet  contains  an  ad( 
quate  amount  of  protein,  carbohydrate,  and  inorganic  salt 
Without  the  unidentified  dietary  factors,  the  fat-soluble  A  an 
water-soluble  B  in  the  food,  the  milk  of  the  mother  does  nc 
induce  growth  in  the  young  except  as  she  sacrifices  her  own  tissue 
for  their  preservation.  She  is  unable  to  do  this  beyond  a  limite 
extent.    Composition  of  the  ration,  Lot  504: 

Casein 18.0 

Salt  mixture  (185) 3.7 

Dextrin 76.3 

Agar-agar 2.0 

For  the  composition  of  Salt  Mixture  185  see  above. 

Chart  4,  Lot  506,  shows  Rats  B  and  D  which  received  a  foo 
mixture  which  lacked  only  an  alcoholic  extract  of  a  natural  foo 
to  supply  the  unknown  dietary  B.  The  increase  in  the  weigt 
of  the  young  was  about  the  same  as  that  seen  when  the  mothen 
diet  lacked  the  protein  factor.  Rat  A  kept  her  young  gro^ 
ing  slowly  during  16  days  without  the  factor  B  in  her  diet,  whe 
growth  ceased.  On  changing  her  to  Ration  503  (Chart  1)  whic 
contained  both  milk  powder  and  wheat,  the  young  began  t 
grow  very  rapidly. 

Rat  C  was  not  so  vigorous  an  animal  and  induced  growth  ii 
her  young  only  at  the  expense  of  decided  loss  of  her  own  bod 
tissue.  The  addition  of  both  the  unidentified  factors  by  th 
inclusion  of  butter  fat  and  an  alcoholic  extract  of  wheat  embry 
did  not  improve  the  quality  of  her  milk  to  a  very  great  degree 
but  checked  the  rate  of  decline  of  the  mother.  When  given  Ratio 
503  (Chart  1)  containing  both  the  A  and  B  in  liberal  amount 
together  with  better  proteins,  the  young  began  to  grow  on  the  3r 
day  after  the  change.     (Composition  of  the  ration,  Lot  506: 

Casein 18.0 

Dextrin 71 .3 

Salt  mixture  (185) 3.7 

Butter  fat 5.0 

Agar-agar 2.0 

For  the  ccmiposition  of  Salt  Mixture  1S5,  see  above.  Period  2,  Rat . 
was  given  Ration  5(W.  .S<.*e  ('hart  1.  Rat  C.  The  dextrin  of  her  ratio 
carried  the  aleoholic  extract  of  10  gm.  of  wheat  embryo.  Period  3,  Rii 
C  was  given  Ration  50.S.    iSoe  Chart  1. 
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Chart  6,  Lot  504  B,  Rat  A,  shows  fairly  satisfactory  growth 
in  the  young  and  practicaUy  maintenance  of  body  weight  of  the 
mother  on  our  basal  ration  to  which  both  the  fat-soluble  A  and 
-water-soluble  B  were  added  at  the  beginning  of  the  nursing 
j)enod.  The  failure  of  the  young  in  these  two  litters  as  well 
jis  those  in  Chart  5,  Rat  A,  to  grow  at  the  maximum  rate  is  prob- 
dibly  to  be  attributed  to  the  inadequacy  of  18  per  cent  of  casein 
j^  a  source  of  protein  for  the  lactating  rat. 

Rat  B,  Lot  504  C,  whose  ration  was  similar  to  that  of  Rat 
A  except  that  double  the  amount  of  alcoholic  extract  of  wheat 
«nbryo  was  contained  in  it,  failed  to  promote  the  growth  of  her 
young  any  better  because  of  the  high  content  of  the  dietary 
factor  By  indicating  that  the  extract  of  10  gm.  of  embryo  which 
was  contained  in  other  rations  of  this  series,  supplied  an  adequate 
amount  of  this  substance. 

The  ration  (Lot  504  B)  consisted  of: 

Caflein 18.0 

Dextrin 71.3 

Salt  mixture  (185) 3.7 

Butter  fat 5.0 

2.0 


The  dextrin  carried  the  alcoholic  extract  of  10  gm.  of  wheat  embryo. 
For  the  composition  of  Salt  Mixture  185,  see  above. 
For  Lot  504  C  the  ration  was  the  same  as  that  of  504  B  except  that  the 
ikxtrin  carried  the  alcoholic  extract  of  20  gm.  of  wheat  embr>'o. 


THE  INFLITENCE  OF  ETHER  ANESTHESIA  ON 
AMINO-ACmS  OF  BLOOD  SERUM. 

By  ELLISON  L.  ROSS. 

KFrom  the  Department  of  Pharmacology,  Northwestern  University  Medical 

School,  Chicago.) 

(Received  for  publication,  August  7,  1916.) 

The  pharmacology  of  ether  used  as  an  anesthetic  is  the  sub- 
ject of  many  conflicting  theories  and  statements.  The  numerous 
phases  of  the  subject  still  need  minute  and  extensive  investi- 
gation before  any  clear  conception  of  the  action  of  this  much 
used  compound  can  be  secured.  We  have  already  made  studies 
of  the  dextrose  and  diastase  content  of  the  blood  as  affected  by 
ether  anesthesia.'  In  this  case  the  amino-acid  content  of  the 
blood  serum  has  been  the  subject  of  investigation. 

EXPERIMENTAL   WORK. 

Five  groups  of  dogs  were  used  in  this  work.  Each  group 
was  treated  differently.  Group  I  was  fed  ground  lean  beef 
daily  for  1  week.  Each  dog  received  250  gm.  about  noon  each 
day.  The  operative  work  was  done  on  the  dogs  the  day  after 
the  last  feeding.  A  sample  of  blood  was  taken  from  the  jugular 
^'ein  just  before  anesthesia.  The  ether  was  given  by  forcing  air 
saturated  with  ether  into  a  nose  mask  for  the  dog.  After  surgical 
anesthesia  had  continued  for  15  minutes  another  sample  of  blood 
K"as  taken.  The  amino-acid  content  of  the  blood  was  determined 
»y  the  method  of  Van  Sh'ke^  with  the  modification  that  the 
^mple  and  reagents  were  increased  five  times  and  the  deter- 
cunations  made  on  2  cc.  volume  of  the  total  filtrate  which  had 
*«en  made  up  to  10  cc.  volume.  Several  determinations  were 
Oade  on  each  sample  and  the  average  was  taken  as  the  correct 
esult.    The  results  of  the  work  on  Group  I  are  given  in  Table  I. 

>  Roes,  E.  L.,  and  McGuigan,  H.,  J.  Biol.  Chem.,  1915,  xxii,  437. 
•Van  Slyke,  D.  D.,  Vinograd-Villchur,  M.,  and  Losee,  J.  R.,  J.  Biol, 
'^hem.,  1915.  xxiii.  3S5. 
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TABLE  I. 

Influence  of  Ether  after  a  Week  of  Meat  Feeding. 


Mg. 

of  amino  N  per  cc.  of  scrum. 

uoK. 

Before  ether. 

After  15  min.  of 
anesthesia. 

Change. 

1 

0.0C6 

0.064 

-0.002 

2 

0.046 

0.049 

-1-0.003 

3 

0.069 

0.063 

-0.006 

4 

0.111 

0.110 

-O.OOl 

5 

0.111 

0.101 

-0.010 

Average 

0.0806 

0  0774 

-0.0032 
—4.0  per  cent 

Group  II  was  made  up  of  five  dogs  which  were  fed  on  a  low 
protein  diet  for  1  week  previous  to  the  test.  They  were  fed  200 
gm.  of  a  mixture  of  crackers  2  parts  and  lard  1  part.  The  ani- 
mals otherwise  were  treated  in  the  same  way  as  those  of  Group  I. 
The«results  are  given  in  Table  II. 

TABLE  II. 

Influence  of  Ether  after  a  Week  of  Low  Protein  Diet. 


Ms.  of  amino  N  per  cc.  of  serum. 

Dog. 

Before  ether. 

• 

After  15  min.  of 
anesthesia. 

« 
Change. 

1 

0.070 

0.074 

-1-0.004 

2 

0.022 

0.024 

-f  0.002 

3 

0.037 

0.034 

-0.003 

4 

0.063 

0.063 

-0.000 

5 

0.049 

0.046 

-0.003 

Average 

0.0482 

0.0482 

-0.000 

0.0  per  cent 

Group  III  consisted  of  five  dogs  which  had  not  been  receiv- 
ing a  special  diet  before  the  tests.  Half  an  hour  before  bleed- 
ing the  first  time  each  dog  was  given  a  mixture  containing  100 
gm.  of  sugar,  16  gm.  of  starch,  and  water.  After  bleeding  they 
were  anesthetized  and  treated  as  were  the  dogs  of  the  preceding 
groups.     The  results  are  given  in  Table  III. 
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Ms.  of  animo  N  per  oe.  of  wrum. 

DaK. 

Before  anesth<«ut. 

After  15  min.  of 
anesthesia. 

Due  to  ether. 

1 
2 
3 

4 
5 

0.072 
0.054 
0.069 
0.062 
0.068 

0.069 
0.055 
0  061 
0.067 
0.070 

-0.003 
+0.001 
-0.008 
+0.005 
+0.002 

.Average 

0.0&5 

0.0644 

-0  0006 
—0.9  per  cent 

Croup  IV  consisted  of  ten  dogs  which  had  not  been  previously 
dieted.  They  were  bled,  fed  200  gm.  of  ground  lean  beef  each, 
bl^d  at  the  end  of  half  an  hour  after  feeding,  anesthetized,  and 
a^'^^r  15  minutes  of  surgical  anesthesia,  bled  again.  Amino- 
ac^£d  determinations  were  made  on  the  samples.    The  results 

B  given  in  Table  IV. 

TABLE  IV. 
Influence  of  Ether  \  Hour  after  Meat  Feeding, 


Doe. 

Iff.  of  amino  N  par  ee.  of  serum. 

Changee. 

Befote 
feedinc. 

ihr.  after 
feeding. 

After 

anestbeaia. 

Due  to 
feeding. 

Duetoetber. 

1 

0.061 

0.061 

0.051 

0.000 

-0.010 

2 

0.123 

0.112 

0.116 

-0.011 

-1-0.004 

3 

0.071 

0072 

0.057 

-f  0.001 

-0.015 

4 

0.118 

0.130 

0.124 

-t-0.012 

-0.006 

5 

0.046 

0.051 

0.041 

-fO.005 

-0.010 

6 

0.140 

0.127 

0.138 

-0.022 

-fO.Oll 

7 

0.019 

0.046 

0.038 

-0.003 

-0.008 

8 

0.121 

0  118 

0.130 

-0.003 

-fO.012 

9 

0.071 

0.076 

0.062 

-1-0.005 

-0.014 

10 

0.144 

0.140 

0.140 

-0  004 

0.000 

Average.. 

0.0953 

0.0933 

0.0897 

-00020 

2.1 
per  cent 

-0.00  6 

3.9 
per  cent 
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Group  V  was  made  up  of  undieted  dogs.  They  were  bled, 
fed  a  pound  of  ground  lean  beef  each,  bled  after  4  hours,  anes- 
thetized, and  bled  again  after  15  minutes  of  anesthesia.  The 
results  are  given  in  Table  V. 

TABLE  V. 

Influence  of  Food  and  Ether. 


¥^_ 

Mg.  of  amino  N  per  cc.  of  serum. 

Changes. 

Dog. 

Before 
feeding. 

4  hr^.  after 
feeding. 

After  15  min. 
anesthesia. 

Due  to 
feeding. 

Due  to  ether. 

1 

2 
3 
4 
5 

0.116 
0.105 
0.091 
0.081 
0.097 

0.168 
0.159 
0.136 
0.179 
0.141 

0.160 
0.148 
0.144 
0.135 
0.124 

+0.052 
+0.054 
+0.045 
+0.098 
+0.044 

-0.008 

-o'.oii 

+0.008 
-0.044 
-0.017 

Average.. 

0.098 

0.1566 

0.1422 

+0.0586 
+59.-8 
per  cent 
+47.8 
per  cent* 

-0.0144 
-9  2 
per  cent 
-4.6 
per  cent* 

*Averages  with  the  omission  of  Dog  4,  in  which  there  was  an  excep- 
tionally large  increase  due  to  feeding,  and  a  correspondingly  large  de- 
crease due  to  ether. 

DISCUSSION. 

The  results  given  in  Table  I  show  the  influence  of  ether  anes- 
thesia on  the  amino-acid  content  of  the  blood  serum  of  dogs 
which  had  been  dieted  for  1  week  on  lean  beef.  There  was  a 
small  drop  in  four  out  of  five  cases.  The  average  change  in 
the  group  was  a  drop  of  4.0  per  cent  of  the  original  content  of 
the  serum. 

The  change  in  the  amino-acid  content  of  the  blood  serum  due 
to  anesthesia  of  dogs  fed  on  practically  no  protein  for  1  week  is 
given  in  Table  II.  In  one  case  there  was  no  change,  in  two  there 
was  an  increase,  and  in  two  a  decrease.  The  average  of  all  five 
changes  was  zero. 

The  figures  given  in  Table  III  show  the  change,  due  to  ether, 
in  the  amino-acid  content  of  blood  serum  of  dogs  which  half  an 
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■bour  previous  to  anesthesia  received  considerable  amounts  of 
oarbohydrates.    The  results  are  variable.    Three  out  of  five 
sliow  an  increase  due  to  ether  but  the  average  of  all  shows  a 
ecrease  of  0.9  per  cent.     Compared  with  the  wide  individual 
ariations,  the  average  change  is  negligible. 
Table  IV  gives  the  results  of  feeding  meat  half  an  hour  before 
esthesia.    The  change  in  the  amino-acid  content  of  the  blood 
^t^riun  due  to  the  taking  of  food  and  to  the  administration  of 
ther  is  determined.    The  individual  changes  due  to  both  food 
nd  ether  are  variable;  some  are  positive  and  some  are  negative. 
nrhe  average  change  due  to  meat  feeding  was  a  fall  of  2  per  cent 
£i.nd  that  due  to  ether  anesthesia  following  a  fall  of  3.9  per  cclht. 
Table  V  contains  data  on  the  amino-acid  change  of  the  blood 
^^rum  due  first  to  4  hours  of  meat  digestion  and  second  to  ether 
^uiesthesia  following.     The  average  change  for  all  five  dogs 
due  to  meat  digestion  was  59.8  per  cent  increase  and  that  due  to 
^ther  anesthesia  was  a  fall  of  9.2  per  cent.     Dog  4  made  an  enor- 
mous   increase    due  to  feeding  and  a  very  exceptionally  large 
decrease  due  to  the  ether.    Averaging  the  results  of  the  other 
four  dogSy  there  was  an  increase  due  to  meat  digestion  of  47.8 
j)er  cent  and  a  decrease  due  to  anesthesia  of  4.6  per  cent.     This 
probably  is  more  near  the  changes  that  would  be  found  in  the 
average  normal  dog.    Van  Slyke  and  Meyer'  obtained  similar 
results. 

It  is  interesting  to  note  that  very  roughly  the  amount  of  de- 
crease of  amino-acids  due  to  ether  anesthesia  follows  the  initial 
amino-acid  content  of  the  blood.  This  is  shown  in  the  following 
table  compiled  from  the  preceding  tables: 


Table. 

Amino  N  b^ore  ether. 

FalL 

pereerU 

II 

0.0482 

0.0 

III 

0.0650 

0.9 

IV 

0.0953 

3.9 

I 

0.0806 

4.0 

V 

0.0980 

4.&-9.2 

*  Van  Slyke,  D.  D.»  and  Meyer,  G.  M.,  /.  Biol.  Chem.,  1912,  xii,  409. 
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CONCLUSIONS. 

The  amino-acid  content  of  the  blood  serum  of  dogs  is  affec 
as  follows.  1.  Not  materially  changed  in  half  an  hour  by  fc 
ing  either  carbohydrates  or  meat.  2.  Increased  considers 
in  4  hours  after  feeding  a  pound  of  meat  to  each  dog.  3.  ] 
materially  decreased  by  15  minutes  of  ether  anesthesia,  fi 
after  a  week  of  meat  diet,  second,  after  a  week  of  low  proi 
diet,  third,  half  an  hour  after  feeding  meat,  or  fourth,  half 
hour  after  feeding  carbohydrates  and  fat.  The  decrease  at  n 
is  not  above  4.0  per  cent.  4.  Decreased  4.6  to  9.2  per  cent  a 
an  amino-acid  rise  due  to  4  hours  of  meat  digestion. 


STUDIES  ON  GROWTH. 

in.  THE  COMPARATIVE  VALUE  OF  LARD  AND  BUTTER 

PAT  IN  GROWTH. 

By  CASIMIR  FUNK  and  ARCHIBALD  BRUCE  \UCALLUM.* 

{Frorn   the  General  Memorial  Hospital^   Harriman  Research  Laborcttary, 

Roosevelt  Hospital,  New  York,  and  the  Department  of 

Pathological  Chemistry,  University  of  Toronto.) 

(Received  for  publication,  August  3,  1916.) 

In  our  first  communicatioii^  of  this  series,  we  advanced  the 
opinion  that  we  were  dealing  with  a  problem  very  similar  to,  if 
not  identical  with,  beri-beri.  Our  main  objective  was  to  ascer- 
tain the  simplest  dietary  conditions  necessary  to  enable  a  young 
rat  to  reach  maturity.  Subsequently  we  found*  that  artificial 
diets  containing  butter,  without  yeast  or  similar  vitamine-con- 
taining  substances,  are  insufficient  to  promote  growth  in  young 
rats ;  and  at  that  time  the  question  whether  butter  could  be  re- 
placed by  lard  with  the  same  ultimate  success  was  left  open. 
We  have  carried  out  experiments  of  longer  duration,  employing 
both  lard  and  butter  as  the  fat  fraction  of  these  diets,  and  sub- 
mit results  which  enable  us  to  form  a  more  definite  opinion  as 
to  the  relative  value  of  these  two  fats. 

Our  experience  demonstrates  that  there  are  wide  variations 
depending  on  the  constitution  of  the  individual  rats.  Every 
rat  taken  indiscriminately  is  not  suitable  for  this  class  of  work. 
As  a  matter  of  fact  in  experiments  carried  out  in  Toronto  80 
per  cent  of  the  rats  purchased  from  dealers  were  rejected  on  ac- 
count of  physical  defects  not  apparent  before  the  initiation  of 
the  experiment.  A  second  complication  is  a  diminished  resist- 
ance to  infection,  which  follows  the  use  of  all  artificial  diets. 
The  meager  knowledge  we  possess  of  the  pathological  conditions 

• 
*  Senior  Fellow  in  Medical  Research. 

>  Funk,  C,  and  Macallum,  A.  B.,  Jr.,  Z.  physiol.  Chem.,  1914.  xcii,  13. 
'  Funk  and  Macallum,  J.  Biol.  Chem.,  1915,  xxiii,  413. 
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in  rats  may  lead  to  a  condemnation  of  the  diet;  whereas  actually 
the  condition  could  be  remedied  without  change  of  diet,  if  we 
were  able  to  recognize  its  nature.  As  an  example  of  this,  rats 
on  artificial  diets  frequently  contract  an  eye  infection  which 
can  be  treated  with  a  certain  degree  of  success  by  an  appUcation 
of  a  few  drops  of  zinc  sulfate  solution.  If  untreated  this  condi- 
tion is  accompanied  by  loss  in  weight,  becomes  acute^  and  ter- 
minates fatally. 

The  first  series  of  experiments  were  carried  out  on  diets 
containing  lard  as  the  fat  component,  and  dried  powdered 
yeast.  Rats  on  this  diet  grew  normally  for  60  to  90  days,  but 
eventually  displayed  symptoms  (bleeding  from  the  ieyes,  nose, 
and  ears,  petechise  and  hemorrhages  under  the  skin  of  the  tail) 
which  might  be  regarded  as  scorbutic.  This  terminated  fatally 
if  no  change  of  diet  was  eflFected.  When  moist  yeast  was  sub- 
stituted for  the  dried  preparation  the  rats  could  be  kept  for  150 
days  and  attained  approximately  adult  size.  Autolyzed  yeast 
was  equally  efficient  in  this  respect.  Similar  results  were  ob- 
tained on  addition  of  orange  juice  to  the  drinking  water,  al- 
though orange  juice  itself  has  neither  growth-promoting  nor 
maintaining  properties,  unless  supplemented  by  yeast. 

Diets  in  which  butter  partially  or  wholly  replaces  lard  have  a 
slight  superiority  over  those  containing  lard,  which  is  more  than 
can  be  explained  by  the  antiscorbutic  properties  of  the  butter. 
Rats  on  yeast  and  butter  diets  often  show  the  eye  aflfection  re- 
garded by  most  of  the  investigators  as  characteristic  of  dietary 
deficiencies,  and  we  are  convinced  that  none  of  the  artificial 
diets  so  far  investigated  can  be  compared  with  a  normal  dietary 
in  its  efficiency  for  growth.  This  deficiency  introduces  an  addi- 
tional complication  and  must  be  taken  into  account  in  subse- 
quent investigations. 

EXPERIMENTAL. 

The  methods  of  preparing  the  diets  were  very  much  the  same 
as  those  described  in  our  earHer  pubUcations.  The  experiments 
varied  slightly  as  to  their  conditions  in  New  York  and  Toronto 
but  the  ultimate  results  were  identical.  The  charts  and  tables 
are  representative  of  the  different  groups  of  experiments. 
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ExperimerU  /. 

Rats  49y  50,  51,  and  52  (Fig.  1)  were  kept  on  diets  containing 
dried  yeast  and  lard  for  about  68  days.  At  that  time  a  deficiency 
neas  noticed  which,  in  previous  experiments,  led  to  the  death 
of  all  the  rats  and  could  not  be  corrected  by  a  larger  supply  of 
dried  yeast.  Then  fresh  moist  pressed  yeast  was  substituted, 
the  deficiency  disappeared,  and  the  rats  attained  approximately 
^dult  weight. 

A  second  series.  Rats  61  and  62  (Fig.  2),  were  placed  on  diets 
containing  lard  for  44  days,  being  changed  to  a  diet  of  butter 
and  dried  yeast  after  this  period.  No  increment  in  growth  was 
noticed  as  the  result  of  this  change. 

In  the  butter  experiments  Rats  53  and  54  (Fig.  1)  have  also 
shown  a  marked  improvement  on  changing  the  yeast  from  the 
dried  to  the  moist  form,  more  especially  as  regards  their  external 
appearance.  Rats  47  and  48  (Fig.  2)  were  kept  on  diets  with 
butter  and  dried  yeast  and  these  have  also  developed  symptoms 
which  persisted  when  the  diets  were  substituted  by  lard  and 
autolyzed  yeast.  Rats  59  and  60  (Fig.  2),  exceptionally  healthy 
specimens,  were  kept  on  butter-containing  diet  for  44  days  and 
then  changed'  to  diet  with  lard  and  autolyzed  yeast,  for  a  longer 
period  than  was  indicated  in  the  chart,  without  the  rate  of  growth 
being  modified.  On  several  occasions  rats  showing  deficiency 
on  a  lard-containing  diet  were  placed  on  a  butter  diet  with  the 
hope  of  relieving  the  symptoms.  The  improvement  which  re- 
sulted from  th5  change  was  only  temporary  and  several  rats 
died  after  being  kept  30  days  on  butter. 

In  all  the  experiments  a  marked  improvement  resulted  when 
a  diet  of  a  different  composition  was  given  or  even  from  a  fresh 
preparation  of  the  same  diet.  This  might  indicate  that  the 
diets  lose  part  of  their  nutritive  value  when  stored  for  lengthy 
periods. 

'  Encircled  numbers  on  Fig.  2  indicate  the  point  at  which  that  diet  was 
begun. 
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Diets  (Gm.). 


Casein 

Sugar 

Starch 

Lard 

Salt 

Agar 

Yeast  (dry) 

Yeast  (moist)  equal  to. . . 


1. 

2. 

3. 

4. 

22 

22 

22 

22 

10 

10 

10 

10 

30 

27 

27 

29 

30 

30 

30 

30 

3 

3 

6 

6 

2 

2 

2 

2 

3 

6 

3 

1  of  dry 

yeast. 

22 

10 

27 

30 
6 
2 

3  of 


Rats  49  and  50.    Males. 
0-  68  days  Diet  2 
69-  98     "       "     4 
99-150     "       "     6 


Rats  51  and  52.    Males. 
0-  52  days  Diet  1 
53-  68     "       "3 
69-  98     "        "     4 
90-150     "        "     6 


Days. 


0 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

62 

56 

60 

64 

68 

76 

84 

100 

120 

140 

150 


Wdcht. 


40. 


gm. 

44 
55 
81 
96 
104 
119 
132 
146 
150 
162 
170 
173 
177 
178 
182 
185 
186 
184 
199 
201 
207 
200 
103 
102 


60. 


fftn. 

46 
58 
85 
100 
110 
124 
137 
150 
158 
163 
174 
176 
180 
184 
188 
101 
176 
182 
200 
201 
205 
205 
201 
2a3 


Averase 

food  intake 

per  day. 


calorie* 

77.4 

92.4 

103.2 

105.7 

110.3 

110.5 

110.0 

Ul.O 

109.3 

114.6 

114.3 

111.1 

05.4 

110.8 

103.8 

78.7 

00.0 

115.9 

OS. 5 

cS5.0 

105.7 

76.3 

75.8 


Weight. 


51. 


gm. 

41 
62 
72 
91 
102 
110 
119 
132 
138 
148 
159 
160 
163 
170 
176 
178 
175 
102 

206 
200 
210 
216 
221 
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gm. 

46 

55 

65 

82 

91 

100 

110 

120 

128 

138 

147 

150 

150 

158 

161 

163 

161 

167 

100 
102 
100 
186 
103 


Average 

food  intake 

per  day. 


calorieM 

78.2 

81.3 

67.2 

97.1 

102.2 

106.8 

100.3 

100.8 

112.2 

116.2 

115.2 

117.5 

108.6 

120.3 

106.6 

96.9 

120.7 

116.3 

108.5 

91  0 

103.7 

85.4 

67.4 
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Diets  (Gm.). 


1. 

2. 

8. 

4. 

In 

22 
10 
30 
18 
12 

3 
2 

3 

22 

10 

27 

18 

12 

3 

2 

6 

22 
10 
29 
18 
12 

6 

2 

1  of 
dry  yeast. 

22 

r 

10 

:h 

27 

er  fat 

18 

12 

6 

2 

t  (dn-)...- 

it  (moist)  equal  to| 

3  of 
dry  yeast. 

Rats  53  and  54.    Females. 

0-  52  days  Diet  1 

53-  68     "      "     2 

69-100     "      "     3 

101-150     "      "     4 


Duys. 

Weicht. 

AycnuKo  daily  fcxxl 
intake. 

53. 

54. 

Qtn, 

fffn» 

eaiorie9 

0 

43 

41 

4 

54 

55 

74.3 

8 

64 

63 

66.2 

12 

78 

75 

72.0 

16 

80 

80 

77.0 

20 

85 

87 

73.5 

24 

90 

92 

76.8 

28 

96 

95 

81.1 

32 

100 

101 

79.2 

36 

106 

106 

88.9 

40 

112 

112 

87.3 

48 

112 

112 

87.2 

56 

119 

116 

83.7 

&4 

123 

126 

95.2 

84 

138 

135 

79.8 

100 

U\ 

146 

76.5 

120 

149 

147 

79.2 

150 

147 

153 

92.8 

DieU  (Cm.) 

1    I.    '    ». 

». 

ClMUl 

1        22      i 

22 
10 
30 
30 

2 
2 

1 
3 

So*" 

SUrefa 

Butt«r 

Urd 

A«»r 

i        28 

i        30      : 

'         2      ! 

:      2    1 

10 
23 

30 

2 

XftHCO,. . . 

1    1 

1 

Yeut  rautoK 

led)  equal  to. . 

[l-oofdry 

3of 
dryjewt. 

Rats  47  and  48.    FemalM. 

0-  16da\-sDiet  1. 

16-123     "      "     2. 

123-140     "      "     3. 


Wo^. 

A'«^^'«f 

17. 

4i. 

fm. 

f*. 

tm. 

0 

36-5 

31 

4 

41 

34 

6.2 

8 

45.5 

39 

9,5 

12 

51.5 

43 

9  1 

18 

54.5 

42-5 

9  1 

20 

58 

45 

10.0 

24 

67,5 

50.5 

11,2 

28 

76 

56.5 

12,1 

32 

85 

66 

14.1 

36 

91 

78 

13  6 

40 

9g 

91 

14,2 

44 

102 

93 

12.5 

4$ 

105 

98 

13.5 

52 

108 

100.5 

14,5 

56 

HI 

107 

14.3 

60 

1U.5 

113.5 

15-0 

64 

115.5 

115 

16,9 

68 

119 

122 

15,2 

72 

119 

120 

14,0 

78 

121.5 

125.5 

15.3 

80 

124,5 

129.5 

153 

84 

127 

134.5 

17,1 

88 

12S 

134.5 

14.6 

92 

126-5 

135 

14.1 

fl6 

128,5 

139 

16.1 

100 

130  5 

141 

14,7 

108 

134 

144.5 

16.6 

116 

133 

145 

IS. 9 

124 

135 

146.5 

16,6 

132 

139.5 

154 

14,6 

140 

12S 

nn  .1 

14,0 
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Diets  {Gm.), 


mh. 


Bi*tt«r. 


Yeatst  (dry) 


Yeast  (autolyzed)  equal  to 


RAt8  59and60.    Males. 
0-44  days  Diet  2. 


Rats  61  and  62.    Females. 
0-44  days  Diet  1. 


i5HW 

u          u 

1. 

45-64     "        "    2. 

\ 

W««ikt. 

daily  food 
intake. 

Days. 

w«,kt. 

ATen«B 
daily  food 

< 

St. 

eo. 

61. 

«2. 

fan. 

9m, 

fm. 

9m, 

9m. 

9m, 

0 

30.5 

25 

6.7 

0 

30.5 

25.5 

6.6 

4 

40 

31 

8.2 

4 

38 

32 

9.3 

8 

475 

35.5 

9  7 

8 

46  5 

38 

9.3 

12 

59 

42.5 

11.2 

12 

mm       ^ 

oo.o 

43 

10.7 

16 

70 

48 

13.8 

16 

62.5 

48 

12.5 

20 

81.5 

58.5 

14.8 

20 

71.5 

55 

12.6 

24 

1      ^ 

68 

16.2 

24 

80.5 

61.5 

14.6 

28 

'    106 

75.5 

17.2 

28 

87.5 

67 

14.2 

32 

.    IM 

82.5 

20.1 

32 

93.5 

71 

16.1 

36 

127.5 

90 

20.8 

36 

99.5 

76 

14.9 

40 

139.5 

100.5 

23.8 

40 

105 

80.5 

14.2 

44 

.    155 

113 

24.9 

44 

111.5 

84.5 

14.2 

48 

'    167 

124 

23.7 

48 

115 

83 

16.6 

52 

180 

138 

21.8 

52 

123 

96 

17.6 

06 

192 

150 

22.0 

56 

132             100 

15.2 

60 

199 

157 

21.1 

60 

142        1     104.5 

17.1 

64 

205 

165 

21.1 

64 

156  5         115 

Experiment  H. 

^^e  casein  preparation  used  in  this  series  was  purified  by 
^^liing,  following  the  method  of  McCollum  and  Davis.*    In 

*  McCk>niim,  E.  v.,  and  Davis,  M..  J.  Biol.  Chem..  1915.  xxiii,  231. 
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this  paper  the  authors  claim  that  purification  of  casein  by  bo:s.Z 
ing  with  alcohol  destroys  some  of  the  amino-acids  and  results  m 
loss  of  its  nutritive  properties.  The  results  in  this  case  (Ra-^ 
55  and  56,  Fig.  1)  were  identical  with  those  which  were  obtains 
with  casein  purified  by  extraction  with  hot  alcohol.  This  latt--^ 
method  was  used  in  purifying  the  casein  in  the  first  experimei 


Dieia  {Gm,), 


Casein  (McCollum) 

Sugar 

Starch 

Lard 

Salt 

Agar 

Yeast  (dry) 

Yeast  (moist)  equal  to 


1. 


22 

10 

27 

30 

3 

2 

6 


2. 


22 
10 
29 
30 

6 

2 

1  of 
dry  yeast. 


2. 


22 
10 
27 
30 

6 

2 

3  of 
dry  yeasC: 


Rats  55  and  56.    Females. 

0-  59  days  Diet  1. 

60-  87     "       "    2. 

88-140     "        "    3. 


Days. 

Weight. 

Avera^  daily  food 

55. 

56. 

intake. 

Qtn. 

Qtllm 

caloritt 

0 

48 

52 

4 

67 

71 

75.1 

8 

80 

82 

92.2 

12 

89 

91 

88.4 

16 

96 

96 

77.2 

20 

104 

102 

86.0 

24 

107 

104 

74.9 

28 

100 

109 

94.3 

32 

115 

116 

79.8 

40 

120 

120 

88.4 

60 

140 

133 

86.3 

80 

144 

143 

78.4 

100 

136 

i:)0 

79.9 

140 

1.33 

136 

61.9 

Macallum 
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nother  series,  of  which  Rats  13  and  14  (Fig.  2)  are  representa- 
s,  received  casein  which  had  been  autoclaved  for  1  hour  at  15 
nds*  pressure,  according  to  McCoDum  and  Davis.  On  this  diet 
rats  failed  to  grow,  but  after  28  dajrs  1  cc.  of  fresh  orange 
e  was  added,  and  normal  growth  was  resumed.  It  seems 
3able  that  the  impaired  value  of  heated  casein  is  not  due  so 
*h  to  the  destruction  of  amino-acids  as  to  the  loss  of  its  anti- 
butic  properties. 

DieU  (Gm.) 


AT 

Th 

i 

s 

w 

«t   'dTY 


1 


22 

22 

10 

10 

30 

29 

30 

30 

3 

3 

o 

2 

3          1 

4 

Rate  13  and  14.    Males. 
0-  14  davB  Diet  1. 
15-96     •*       "     2. 
28-100     **     1  ec.  orange  juice. 


IS. 


li. 


i 

^ 

0              ] 

33.3 

4 

40.1 

S 

41.4 

12 

44.6 

16 

46.4 

30 

50.6 

24 

54  3 

% 

54.6 

32 

55.1 

36 

63  1 

40 

62.1 

44 

70  S 

48 

77.1 

S2 

87. 1 

24.2 
33.7 
37.1 
39.8 


39. 

41. 

42 

41 

42 

47. 

44 

46 

46.2 

51. S 


4 
4 

.0 
5 
0 
0 
0 
2 


duly  food 


6.2 
6.0 
7.1 
7.9 
7.2 
8.1 
6.5 
4.7 
8.2 
6.8 
8.4 
10.6 
12.2 
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Rats  13  and  14. 

Males — Continued. 

Da3^. 

Wdcht. 

•_  A^l 

13. 

14. 

0m. 

gtn. 

fftlt. 

56 

93.0 

54.6 

12.4 

60 

102.0 

64.2 

12.9 

64 

119.3 

78.6 

15.6 

68 

126.0 

89.3 

15.1 

72 

130.0 

91.6 

15.4 

76 

130.9 

98.6 

14.9 

80 

137.4 

103.8 

15.1 

84 

140.0 

112.4 

14.8 

88 

144.7 

117.0 

11.2 

92 

146.0 

119.8 

14.2 

96 

147.0 

123.0 

11.4 

SUMMARY. 


The  failure  of  rats  to  grow  on  a  lard  and  yeast  diet  is  partia. 
due  to  the  development  of  scorbutic  symptoms.    These  can 
relieved  to  a  marked  degree  by  using  moist  instead  of  dried 
and  still  more  so  by  using  moist  yeast  and  butter.     Even  in  t> 
latter  case  the  existing  deficiencies  are  not  entirely  correct^^^ 
since  many  rats  decline  on  this  diet.     Rats  which  fail  on  la^^ 
do  not  always  recover  on  a  diet  containing  butter.     It  seems  a 
possible  that  yeast  on  account  of  its  high  content  in  purines,  a 
perhaps  other  constituents,  is  not  an  ideal  addition  in  experime 
of  long  duration,  even  in  spite  of  its  marked  growth-promoti^f^^^  ^ 
power.     The  impaired  nutritive  value  of  heated  casein  does  n- 
seem  to  be  due  to  destruction  of  amino-acids  but  to  destructi 
of  vitamines. 
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STUDIES   ON   GROWTH. 

IV.  THE  ACTION  OF  YEAST  FRACTIONS  ON  THE 

GROWTH  OF  RATS. 

Bt  CASIMIR  funk  and  ARCHIBALD  BRUCE  MACALLUM.* 

*rom   the  General  Memorial  Hospital,   Harriman  Research  Laboratory, 
Roosevelt  Hospital,  New  York,  and  the  Department  of  Pathological 

Chemistry,  University  of  Toronto.) 

(Received  for  publication,  August  3, 1916.) 

The  close  relationship  existing  between  the  beri-beri  and 
•owth  problems  suggests  the  possibility  of  a  fractionation  of 
le  active  substance  along  lines  already  used  in  the  investigation 

beri-beri.  Accordingly  phosphotungstic  acid  was  selected 
r  the  first  attempt  to  separate  out  a  physiologically  active 
iction  which  would  stimulate  the  growth  of  young  rats.  The 
perimental  difficulties  which  have  repeatedly  been  empha- 
sed  in  the  investigation  of  the  beri-beri  vitamine,  due  to  in- 
ability of  this  substance,  were  also  encountered  in  the  study 

growth.  The  physiological  activity  of  the  diiBFerent  fractions 
minishes  with  each  manipulation  and  both  the  problems  of 
ri-beri  and  of  growth  will  not  be  solved  until  more  suitable 
sthods  for  the  isolation  of  vitamine  are  available. 
The  results  obtained  so  far  clearly  indicate  that  the  growth- 
omoting  substance  is  anal6gous  to  and  possibly  identical  with 
e  beri-beri  vitamine  and  can  be  almost  entirely  precipitated 
ith  phosphotungstic  acid.  Subsequent  fractionation  of  the  res- 
ue  obtained  from  the  decomposed  precipitate  with  silver  nitrate 
id  also  with  silver  nitrate  and  baryta  has  shown  that  the 
recipitate  containing  purine  bases  and  the  filtrate  from  the 
Iver  nitrate  and  baryta  precipitation  are  entirely  negative  as 
>  their  growth-promoting  action;  whereas  the  substances  pre- 

^  Senior  Fellow  in  Medical  Research. 
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cipitated  with  silver  nitrate  and  baryta  possess  traces  of  th^ 
activity  of  the  initial  phosphotiingsticacid  precipitate.  Th^ 
experimental  evidence  indicates  that  considerably  larger  quan — 
tities  of  vitamines  are  necessary  for  stimulating  growth  than  for^ 
curing  beri-beri,  and  the  losses  occurring  during  fractionation, 
are  more  apparent  in  the  former  than  in  the  latter  case.  How- 
ever, it  must  be  admitted  that  while  it  is  imcertain  whether* 
these  two  substances  are  chemically  different,  the  results  ob^ 
tained  do  not  exclude  such  a  possibility.  Lloyd's  reagent,  as 
reconunended  by  Seidell,'  has  also  been  used  as  a  precipitant^ 
without  much  success,  as  the  rats  on  the  filtrate  have  also  shown, 
increments  in  growth. 

In  the  first  instance  autolyzed  yeast  was  slightly  acidified 
with  hydrochloric  acid  and  completely  precipitated  with  phos- 
photungstic  acid,  carefully  avoiding  an  excess  of  this  reagent. 
After  allowing  the  mixture  to  stand  for  24  hours,  the  precipitate 
was  collected  on  a  Buchner  funnel  and  repeatedly  washed  with 
a  cold  solution  of  phosphotungstic  acid  containing  hydrochloric 
acid.  The  precipitate  was  then  decomposed  by  the  method 
described  by  Van  Slyke,*  with  a  mixture  of  amyl  alcohol  and 
ether  and  hydrochloric  acid,  only  a  small  quantity  of  the  precipi- 
tate remaining  unchanged.  After  filtration  of  this  small  fraction 
the  aqueous  extract  was  evaporated  in  vacuo  and  the  residue 
made  up  to  a  known  volume  and  mixed  in  the  diet  in  quantities 
calculated  from  the  amount  of  autolyzed  yeast  necessary  to 
promote  growth.  However,  the  quantity  of  this  fraction  had 
to  be  doubled  and  even  tripled  in  order  to  obtain  satisfactory 
results.  The  phosphotungstic  acid  filtrate  was  worked  out  in 
a  similar  way.  This  process  offers  the  advantage  that  the  yeast 
fraction  is  completely  freed  from  substances  soluble  in  lipoid 
solvents.  The  purine  fraction  was  obtained  from  the  phospho- 
tungstic acid  precipitate  fraction  by  precipitation  with  silver 
nitrate  and  subsequent  decomposition  with  sulfuretted  hydro- 
gen. The  filtrate  from  the  purine  bases  was  precipitated  with 
baryta  in  the  usual  way  and  the  precipitate  decomposed,  freed 
from  traces  of  baryta,  evaporated,  and  the  residue  mixed  with 

» Seidell.  A.,  U,  S,  Public  Health  Report,  No.  325,  1916. 
« Van  Slyke,  D.  D.,  /.  Biol.  Chem,,  1915,  xxii,  281. 
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ttk.^  diet.     The  filtrate  from  the  fraction  containing  vitamines 
reprecipitated  with  phosphotungstic  acid  and  the  precipi- 
obtained  after  thorough  washing,  decomposed  with  amyl 
al  ^sohol  and  ether.    The  results  with  the  purine  fraction  and  also 
the  silver  nitrate-'bar>ia  filtrate  are  not  included  in  this 
as  they  were  entirely  n^ative.    The  eflFect  of  the  silver 
"Cbrate-baiyta  fraction  was  not  sufficiently  marked  to  encourage 
fL^LJXlher  investigation.    The  diet  contained  lard  as  the  fat  con- 
tuenty  and  1  per  cent  sodium  bicarbonate  was  added  to  neutral- 
the  hydrochloric  acid  present  in  this  fraction.     Orange  juice 
the  extent  of  1  cc.  a  day  was  added  to  the  drinking  water  to 

ent  the  onset  of  scorbutic  symptoms. 
A  large  number  of  rats  were  kept  on  the  above  diets,  especially 
the  phosphotungstic  precipitate  and  filtrate  and  the  records 
only  a  few  were  selected  for  publication,  in  order  to  save  space. 
ts  9  and  10  were  kept  on  phosphotungstic  acid  filtrate  through- 
t  the  experiment.     Rats  11  and  12  were  changed  after  34 
ys  to  the  diet  containing  the   phosphotungstic  precipitate 
on  which  was  followed  by  an  improvement  warranting  the 
that  the  growth-promoting  substance  is  contained  in  this 
I^«r^pitate  (Fig.  2  b). 

Diets  (Gm.). 


T,  Tou  xxm,  xo.  1 
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Rat  9  (male)  and  Rat  10  (female). 
0-96  days  Diet  1. 
2^100    *'    1  cc.  orange  juice. 


Rats  11  and  12.    Males. 
0-34  days  Diet  1. 
35-100  "        "      2. 
76-100  triple  vitamine  addition. 


Days. 

Weicht. 

Averagn 
daily  food 

Days. 

Wdchi. 

ATnacs 

daOy  food 

9. 

10. 

11. 

12. 

fm. 

tm. 

ffm. 

f-». 

^st. 

fm. 

0 

35.2 

41.8 

0 

37.9 

34.2 

4 

42.8 

47.3 

9.5 

4 

46.2 

41.8 

7.6 

8 

43.0 

47.3 

7.8 

8 

45.8 

44.2 

5.5 

12 

44.6 

49.3 

7.0 

12 

42.8 

45.3 

7.6 

16 

46.8 

55.4 

8.7 

16 

45.3 

45.8 

7.8 

20 

46  2 

56.6 

7  5 

20 

46.9 

45.7 

7.7 

24 

46.6 

54.7 

7.8 

24 

46.2 

46.5 

6.6 

28 

46.5 

52.8 

5  5 

28 

44.3 

45.0 

5.4 

32 

42.9 

49.9 

7.4 

32 

40.4 

39.4 

4.7 

36 

37.8 

41.6 

7.8 

36 

39.8 

37.2 

5.6 

40 

368 

41.6 

7.7 

40 

50.5 

48.2 

9.1 

44 

41.8 

6.6 

44 

52.2 

50.0 

8.9 

48 

43.9 

5.3 

48 

54.8 

57.0 

8.0 

52 

44.0 

5.3 

52 

58.0 

60.7 

8.7 

56 

43.8 

3.8 

56 

63.5 

67.3 

11.0 

60 

41.6 

3.5 

60 

66.3 

71.0 

12.4 

64 

44.6 

3.5 

64 

66.1 

70.3 

8.8 

68 

41.0 

3.2 

68 

70.6 

75.7 

11.1 

72 

43.5 

3.5 

72 

75.0 

82.6 

9.9 

76 

42.9 

3.4 

76 

76.0 

84.8 

11.9 

80 

45.0 

3.0 

80 

77.6 

91.1 

11.1 

84 

42.2 

3.1 

84 

75.0 

85.2 

9.6 

88 

44.1 

2.7 

88 

79.4 

90.0 

8.8 

92 

43.0 

3.2 

92 

78.5 

90.9 

4.4 

96 

41.0 

2.9 

96 

74.7 

91.7 

6.4 

100 

100 

70.0 

76.3 

6.4 

A  second  series  of  experiments  was  carried  out  on  pressed  yeast 
which  had  been  heated  with  10  per  cent  sulfuric  acid  at  90-95° 
for  6  hours.  The  hydrolj'sat^  was  filtered,  diluted  with  an 
equal  volume  of  water,  and  precipitated  with  phosphotungstic 
acid.  After  standing  for  24  hours  the  precipitate  was  filtered 
at  the  pump  and  well  washed  with  5  per  cent  sulfuric  acid. 

The  precipitate  was  decomposed  in  the  ordinary  way  with 
baryta.  The  final  solution,  slightly  acid,  was  neutralized  with 
sodium  carbonate,  carefully  avoiding  an  excess,  distilled  in  wicuo, 
standardized,  and  definite  quantities  were  added  to  the  diet.    The 
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filtrate  of  the  phosphotungstic  acid  precipitation  was  treated 

in  a  similar  way. 

The  diet  containing  the  substances  precipitated  by  phospho- 
t^iingstic  acid  was  fed  to  four  rats  (Rats  80  to  83,  Fig.  1)  and 
enabled  them  to  double  their  original  weight  after  32  to  36  days. 
rrhis  is  about  double  the  time  required  when  yeast  is  the  source 
of  vitamines  and  the  depreciation  is  due  to  the  fractionation  with 
"fclie  precipitating  reagent. 

Two  rats  (84  and  85,  Fig.  2  a)  were  fed  the  diet  containing  the 
residue  from  the  phosphotungstic  filtrate.  After  28  da3rs  they 
had  added  only  a  third  to  their  original  weight  and  had  all 
t;he  external  symptoms  of  an  acute  deficiency.  Then  the  diet 
^^v-ith  the  precipitate  was  substituted  and  in  11  days  they  rapidly 
doubled  their  original  weight  and  presented  a  normal  appearance. 

Diets  {Gm.). 


Oasein. 


Starch 

Fat  (lard) 

Salt 

Agar 


Residue  phosphotungstic  acid  precipitate 
equal  to 

Residue    phosphotungstic    acid    filtrate 
equal  to 


22 
10 
24 
30 

6 

2 

1  Dried 
6/  yeast* 


Rats  80,  81,  and  82.    Males. 
Rat  83.    Female. 
0-36  days  Diet  1. 


Dajb. 

Weight. 

Avence 

daily  food 

intake. 

Weicht. 

Avwace 
daily  food 

80. 

81. 

82. 

83. 

intake. 

fftii. 

gm. 

edU)rie§ 

Qtn. 

gm. 

calorift 

0 

24 

25 

20 

30 

4 

31 

33 

29.8 

23.5 

37 

27.8 

8 

36 

40.5 

33  5 

28 

43 

32.8 

12 

36 

43 

35.7 

29 

45 

33.3 

16 

38 

44  5 

40.5 

29 

48 

40.5 

20 

40 

48 

28.6 

31 

51 

38.3 

24 

42 

49 

30.1 

.     34 

54 

30.2 

28 

44.5 

52 

27.8 

38 

57 

35.0 

32 

46 

54 

28.7 

40 

59 

27.4 

36 

49 

56 

25  0 

42.5 

61 

29.8 
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Rat  84.    Female. 
Rat  85.    Male. 
0-28  days  Diet  2. 
29-39     "        "     1. 


Days. 

Weight. 

Averafe  daily  food 

84. 

85. 

• 

gm. 

gm. 

ealarie». 

0 

45 

45 

4 

48 

49 

28.6 

8 

53 

54.5 

46.3 

12 

55 

55 

42.9 

16 

55 

55 

35.9 

20 

57 

57 

50.9 

24 

58 

58 

48.6 

28 

59 

61 

47.9 

32 

69 

68 

54.6 

36 

84 

82 

70.3 

39 

89 

90 

66.3 

SUMMARY. 

The  fractionation  of  yeast  with  phosphotungstic  acid  shows 
that  the  growth-promoting  substance  is  carried  down  with  the 
precipitate  and  a  large  part  of  its  activity  is  lost  during  the 
fractionation.     The  instability  of  this  substance  when  fraction- 
ated with  silver  salts  presents  greater  difficulty  than  that  ex- 
perienced during  the  fractionation  of  the  beri-beri  vitamine.     It* 
seems  possible  that  both  these  problems  can  only  be  solved 
when  more  adequate  methods  are  available. 


I'HE    REACTION     BETWEEN     AMINO-ACIDS    AND 
CASBOHTDRATES  AS  A  PROBABLE  CAUSE 
OF  HUMIN  FORMATION.* 

Bt  M.  L.  ROXAS. 

(From  the  Laboratory  of  Agricultural  Chemistry  of  the 
University  of  Wisconsin,  Madison.) 

■ 

(Received  for  publication,  July  31,  1916.) 

The  study  of  the  black  substances  obtained  when  proteins 
'e  hydrolyzed  in  strong  acid  solution  is  of  great  interest  at  the 
^^^ent  time  on  account  of  their  bearing  on  the  natural  melanins 
^^don  the  quantitative  determination  of  certain  amino-acids 
^^  proteins.  Grindley^  and  his  coworkers  state  that  humin 
^Xitrogen  causes  an  error  in  the  analysis  for  amino-acids  of  com- 
^^on  foodstuffs  when  the  Van  Slyke  amino  nitrogen  determination 
S^  directly  applied  to  them.  This  view  on  theoretical  grounds 
"Was  also  expressed  by  Hart  and  Bentley.*  It  is  therefore  very 
ixnportant  to  know  more  about  the  structure  and  mode  of  forma- 
tion of  these  compounds. 

NIuldeH  was  the  first  to  show  that  albumins  separate  flocculi  of  a  brown 
T^r  black  color  on  being  boiled  with  concentrated  hydrochloric  or  sulfuric 
^cids.  Hausmann^  made  similar  observations  with  globin.  Samuelly* 
^x>inted  out  that  the  formation  of  these  "artificial  melanins*'  or  "melanoi- 
^iins"  might  be  a  secondary  reaction  between  amino-acids  and  carbohy- 
^Irates.    Maillard*  conducted  experiments  along  this  line  and  found  a 

^  The  work  described  in  this  article  forms  part  of  a  thesis  submitted 
l.n  partial  fulfilment  of  the  requirements  for  the  degree  of  Doctor  of  PhiU 
CMophy  in  the  University  of  Wisconsin. 

*  Grindley,  H.  S.,  and  Slater,  M.  E.,  /.  Am,  Chem,  Soc.,  1915,  zxxvii^ 
2762. 

«Hart,  E.  B.,  and  Bentley,  W.  H.,  /.  Biol.  Chem:,  1915,  xxii,  477. 
'  Mulder,  G.  J.,  in  Mann,  G.,  Chemistry  of  the  Proteids,  London,  1906, 87« 
^Hausmann,  W.,  Z.  phyaiol.  Chem.,  1900,  xxix,  140. 
^Samuelly,  F.,  Beitr.  chem,  Phya.  u.  Path,,  1902,  ii,  355. 

*  MaiUard,  L.  C,  CompL  rend.  Acad,,  1912,  cliv,  66. 
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Qumber  of  them  reacted  with  sugars.  His  experiments,  however,  we 
carried  on  in  aqueous  solutions  at  a  very  high  concentration  and  ten 
perature  and  it  is  doubtful  whether  under  these  conditions  the  reacti 
is  similar  to  what  takes  place  in  the  formation  of  either  the  "naturs 
or  artificial  melanins.  It  will  be  shown  later  in  this  paper  that  not 
the  amino-acids  found  reactive  by  Maillard  reacted  at  all  at  low  cc 
centration  in  water.  Gortner  and  Blish^  made  the  important  discove 
that  when  tr3rptophane  is  boiled  with  sugar  in  22.9  per  cent  hydrochlo 
acid  solution  86  per  cent  of  its  nitrogen  is  converted  into  humin  nitrogi 
They  conclude  from  their  experiments  that  tryptophane  alone  is  respon 
ble  for  humin  formation.  Grindley  and  his  coworkers^  disagree  with  tl 
conclusion  since  they  foimd  evidence  that  other  amino-acids  give  the  sai 
reaction. 

In  view  of  these  conflicting  statements  and  in  the  hope  that  t 
study  of  the  reaction  between  amino-acids  and  carbohydral 
would  throw  some  light  on  the  structure  and  mode  of  formati 
of  the  humin  substances,  it  was  thought  worth  while  to  detennii 
(1)  Which  amino-acids  react  with  carbohydrates  imder  a  giv 
set  of  conditions.  (2)  Whether  diiBFerent  sugars  behave  ali 
toward  the  same  reactive  amino-acid.  (3)  What  group  of  t 
reactive  amino-acids  takes  part  in  the  reaction. 

REVIEW  OF  THE  LITERATURE. 

Udr^nszky'  and  Hoppe-Seyler*  have  shown  that  when  sugar  is  boil 
with  acids  humin  substances  are  formed,  and  if  boiled  in  the  presence 
a  nitrogenous  material,  the  humins  may  also  contain  nitrogen.  Udrdi 
zky  found,  for  example,  that  glucose  and  urea  boiled  together  in  stro 
hydrochloric  acid  solution  formed  humins  which  contained  about  6 
per  cent  nitrogen. 

Samuelly'  was  the  first  to  study  the  behavior  of  humins,  or  "melan 
dins,"  towards  oxidizing  and  reducing  agents.  He  prepared  his  "melan< 
dins''  from  commercial  serum  albumin  according  to  Schmiedeberg' 
method  modified  by  himself.    He  subjected  his  product  to  the  action 

^  Gortner,  R.  A.,  and  Blish,  M.  J.,  /.  Am,  Chem.  Soc,  1915,  xxxvii,  161 
After  this  work  was  completed  and  sent  for  publication  another  arti( 
by  Gortner  on  humin  formation  appeared  (J,  Biol.  Chem.,  1916,  xr 
177).  In  this  article  Gortner  admits  that  amino-acids  other  than  try  pi 
phane  may  be  involved  in  humin  formation,  which  is  in  harmony  wi 
the  results  reported  here. 

•  Udrtlnszky,  L.  v.,  Z.  physiol.  Chem.,  1888,  xii,  33. 

•  Hoppe-Seyler,  F.,  Z.  physiol.  Chem.,  1889,  xiii,  66. 

*®  Schmiedeberg,  O.,  Arch,  exp.  Path.  u.  Pharm.,  1897,  xxxix,  1. 
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HI  and  Pis  in  a  closed  tube  kept  for  8  hours  at  200-210''C.  Among  other 
prodvicts  he  obtained  pyrrol,  as  detected  by  the  color  reaction  with  pine 
shavings,  and  either  pyridine  or  piperidine  or  some  derivative  of  either 
one  of  these  bases.  Ammonia  was  also  evolved  in  large  amounts.  None 
of  tixe  reduction  products  obtained  as  above  gave  indol  or  skatol  on  fusion 
^th  alkalies,  while  the  humins  before  reduction  gave  on  similar  treatment 
an  unmistakable  odor  of  both.  Samuel ly  also  tried  reduction  with  sine 
du3t;  in  a  current  of  hydrogen.  From  this  treatment  he  obtained  pjrridine, 
Pyt'rol-like  substances,  skatol,  and  small  amounts  of  an  aromatic  com- 
pound of  the  benzaldehyde  series.  The  same  investigator  prepared  humin 
'ubet.ances  from  some  amino-acids  and  glucose.  He"  heated  for  18  hours 
&  lEiixture  of  10  gm.  of  glucose,  50  cc.  water,  15  cc.  concentrated  HCl  (sp. 
Sf'   1 .  19),  and  sufficient  amount  of  the  different  amino-acids  so  as  to  have 

• 

^'^  tile  solution  0.7  gm.  of  nitrogen.  He  tried  ammonium  chloride,  urea, 
^^^^tajnide,  glycocoll,  aspartic  acid,  cystine,  and  tyrosine.  In  each  case 
"^  t'ound  nitrogen  in  the  melanin.  No  attempt  was  made,  however,  to 
^ tannine  whether  the  humin  nitrogen  formation  was  due  to  adsorption 
^^  to  1^  definite  reaction.  It  is  interesting  to  note  that  all  of  the  humins 
^^  I>r%pared  gave  off  pyrrol  on  dry  distillation  with  zinc  dust,  no  pjrridine, 
^'^^  on  fusion  with  alkalies  only  the  humin  prepared  from  tyrosine  pro- 
**^^^^d  an  odor  of  indol.  Nencki^*  and  Berdes^*  obtained  similar  results 
^^tli  the  natural  melanins.    By  alkali  fusion  these  authors  obtained  from 

y^'^or  melanin,  indol,  skatol,  volatile  fatty  acids,  hydrocyanic  acid,  suc- 
^i_o.io  acid,  and  other  unidentified  products.  Pyrrol  was  obtained  on  dry 
^^t. illation,  and  after  heating  the  melanin  to  300^*0.  for  some  time,  upon 
*^^ition  of  an  alkali  pyridine  was  detected. 

Oortner  and  Blish^  heated  pure  zein,  plus  tryptophane,  plus  carbohy- 

***^t^  in  22.86  per  cent  HCl,  and  obtained  16.5  per  cent  of  the  total  nitro- 

^•^    of  the  mixture  in  the  humin  form.    When  tryptophane  alone  was 

P^^t«d  with  sugar  in  acid  solution  86.56  per  cent  of  its  nitrogen  was  found 

^  tlie  humins.    On  the  other  hand,  when  histidine  plus  zein  was  heated 

]^tli  i^id  only  0.51  per  cent  of  the  total  nitrogen  was  found  in  the  humins. 

-~  ^Ui  amount  was  almost  the  same  as  that  obtained  when  zein  alone  was 

^^t«d  in  acid.    They  did  not  try,  however,  heating  zein,  plus  histidine, 

^^^^^  sugar,  in  acid.    Among  the  conclusions  these  authors  draw  from  their 

^^I^^riments  are  the  following:  (1)  The  humin  nitrogen  belongs  to  "no 

^***ixio-acidsother.than  tryptophane."    (2)  **The  reaction  involved    .    .    .    . 

*^  (>Yx>bably  the  condensation  of  an  aldehyde  with  the  — NH  group  of  the 

|^~^tophane  nucleus."     (3)  Histidine  can  be  eliminated  ''as  a  factor  in 

^^    formation  of  humin  nitrogen." 

^^rindley  and  Slater*  have  tried  to  apply  the  Van  Slyke  amino  nitrogen 

^t^ Jll^lll^^OQ  directly  to  the  analysis  of  feedingstuffs.    As  is  to  be  expected, 

**  Samuelly,  Beilr.  chem.  Phys.  u.  Path.,  1902,  ii,  383. 

*^  Nencki,  M.,  and  Sieber,  N.,  Arch,  exp.  Path.  u.  Pharm.,    1887,   xxiv. 

**  Berdez,  J.,  and  Nencki,  M.,  Arch,  exp.  Path,  u.  Pharm.,  1886,  xx,  346. 
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on  account  of  the  high  carbohydrate  content  of  these,  the  humin  f racti< 
in  their  nitrogen  distribution  is  very  high,  varying  from  3.85  per  cent 
blood  meal  to  15.79  per  cent  in  alfalfa  hay,  expressed  as  per  cent  of  the  tot 
nitrogen.  In  discussing  the  origin  of  these  humin  substances  these  invesi 
gators  disagree  with  the  conclusion  arrived  at  by  Gortner  and  Blish,  th 
the  humin  nitrogen  of  protein  hydrolysis  has  its  origin  exclusively  in  tl 
tryptophane  nucleus,  since  they  have  obtained  "results  that  clearly  ind 
cate  that  in  addition  to  tryptophane  a  number  of  other  amino-acids  wh< 
gently  boiled  with  20  per  cent  HCl  for  24  to  30  hours  in  the  presence 
pure  glucose  give  humin  nitrogen.  Preliminary  experiments  show  th 
under  the  above  treatment  4.7  to  6.3  per  cent  of  the  total  nitrogen  of  lyaii 
and  cystine  respectively  is  separated  as  humin  nitrogen." 

Since  Bourquelot  and  Bertrand  discovered  tyrosinase,  this  enzyme  h 
received  much  attention  from  a  great  number  of  investigators.  On 
that  part  of  the  work  relating  to  the  action  of  tyrosinase  on  the  differe 
amino>acids  and  related  substances  will  be  reviewed  here.^^ 

The  effect  of  tyrosinase  on  tyrosine  is  described  by  Bertrand.^'  A  sol 
tion  of  tyrosine  to  which  an  extract  of  tyrosinase  is  added  first  becom 
red,  then  inky  black,  and  finally  deposits  a  black  precipitate.  He  prov< 
definitely  that  atmospheric  oxygen  is  essential  to  the  change  by  conduc 
ing  experiments  in  vacuo  and  in  the  air.  Von  Furth  and  Schneider'*  u» 
the  blood  (hemolymph)  of  the  pupse  of  a  butterfly,  Deiciphxla  elpeni 
They  separated  the  enzyme  from  the  other  substances  in  the  blood  by  fra 
tional  precipitation  with  ammonium  sulfate.  It  was  found  to  give  a  y< 
lowish  red  substance  with  pyrochatechol ;  with  hydroquinone  it  gave 
red  solution,  which  then  became  turbid  and  finally  deposited  a  conside 
able  brownish  precipitate.  It  also  acted  on  adrenalin,  giving  a  dirty  brov 
color.  Oxjrphenylethylamine  became  yellowish  brown  and  finally  ga^ 
an  olive-colored  precipitate.  But  tjrrosinase  has  no  action  on  case 
itself.  The  same  authors  isolated  the  black  substance  produced  from  t; 
rosine  by  the  tyrosinase  of  Deiciphila  pupse  and  determined  its  elemei 
tary  composition.  Below  is  given  a  comparison  between  the  percental 
composition  of  this  black  substance  and  of  tyrosine  respectively: 

Black  substance  (humin) 

from  tyrosine.  Tyrosine. 

per  cent  per  cent 

C 55.66  59.60 

H 4.45  6.08 

N 13.74  7.74 

0 26.37  26.58 

"  Bourquelot  and  Bertrand,  G.,  Bull.  Soc.  Mycol.,  1896,  xii,  18.  A  coe 
plete  list  of  references  up  to  the  time  of  its  publication  is  found  in  Kastle 
Oxidases,  Bull.  Hyg.  Lab.^  59. 

"  Bertrand,  G.,  Compt.  rend.  Soc,  bioL,  1896,  cxxii,  1215. 

"  Von  Furth,  O.,  and  Schneider,  H.,  Beitr.  chem.  Phys,  u.  Path.,  190 
i.  229. 
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Xn  the  formation  of  this  "artificial  melanin''  from  tyrosine  there  is  an 

iac^xease  in  the  nitrogen  content  from  7.74  to  13.74.    Such  an  increase  is 

OKM.\y  conceivable  in  one  of  two  ways;  either  there  is  a  breaking  up  of  the 

t^^T-oeine  molecule,  or  some  other  nitrogenous  substance  besides  tyrosine 

t^Bces  part  in  the  formation  of  the  melanin.    The  latter  must  be  the  case 

«e  tyrosinase,  being  but  a  weak  oxidizing  agent,  would  be  unable  to 

ak  down  the  benzene  nucleus.    The  nitrogenous  compound  that  took 

in  the  reaction  must  evidently  have  come  from  the  tyrosinase  prepara- 

X  itself.    This  black  product  also  3delds  a  skatol-like  odor  on  fusion 

"fch  alkali.    In  connection  with  the  wide  distribution  of  tyrosinase  in 

bh  the  vegetable  and  animal  kingdom  the  following  is  quoted  from 

.stle's  monograph : 

'*Von  Forth  and  Schneider  are  therefore  of  the  opinion  that  probably 
erever  melanotic  pigments  occur  in  the  living  tissues  of  the  lower  and 
er  animals  they  originate  as  the  result  of  the  action  of  appropriate 
esr&aymes  on  substances  of  aromatic  nature.    They  point  out  in  this  con- 
n^<:tion  that  Salkowski  and  Jacoby  have  shown  independently  that  ty- 
rosine results  from  the  autolysis  of  various  animal  tissues.    It  would  seem 
^IcLcly,  therefore,  that  in  the  formation  of  melanotic  pigments  two  ferments 
a-x"^  jointly  concerned:  one,  an  autolytic  ferment  capable  of  splitting  off 
ty^z-oeine  or  a  similar  aroiKatic  complex  from  the  protein  molecule,  and  the 
o tiller  tyrosinase,  which  transforms  the  tyrosine  into  melanin.'' 

But  one  of  the  most  interesting  phases  of  the  investigations  on  tyrosinase 
is  that  relating  to  its  effect  on  the  products  of  protein  degradation  and  re- 
l&t«d  substances.    Bertrand  and  Rosenblatt^'  have  found  that  this  enzyme 
^^ts  equally  well  upon  racemic  and  Z-tyrosine.    Chodat  and  Staub**  dis- 
covered that  albumoses  do  not  give  a  red  color  with  tyrosinase  but  glycyl- 
^>^t>sine    anhydride  gives  such   a    coloration.     In  a  later  article^'  these 
^^thors  observed   that  glycine,   leucine,   and  alanine   retard  the  action 
^^  t^rroeinase;  that   dipeptides  such  as  tyrosine   anhydride,  and  glycyl- 
^'^o^ine  anhydride  produce  yellow  substances  which  do  not  become  black 
**   <ioes  tyrosine  it«elf.    When,  however,  glycine,  leucine,  or  alanine  is 
'^'^^ent,  a  red  coloration  similar  to  that  resulting  from  tyrosine  is  ob- 
**tied:  glycyltyroeine  anhydride  with  glycine  gives  a  rose  color  changing 
,  ^    V>]uish  green;  with  alanine  the  color  is  deeper  red,  with  leucine  deep 
'^'^Ti.    But  their  most  striking  discovery  is  that  phenylalanine  is  not 
^^^d  on  by  tyrosinase.    This,  however,  acts  readily  on  p-cresol,  less 
^<iily  on  m-cresol,  and  still  less  readily  on  o-cresol.     In  fact  these  same 
.  ^^fcors  observed  that  the  enzyme  acts  most  readily  on  the  para-homo- 
^^^^es  of  phenol.    Amino-acids  like  glycine  increase  the  rapidity  of  the 
f^^ion  of  tyrosinase  on  p-cresol,  producing  a  violet  color  which  ultimately 
^^^Omes  blue.    Bertrand  undertook  to  investigate  the  action  of  tyrosinase 

__  ^^  Bertrand,  G.,  and  Rosenblatt,  M.",  Compt.  rend,  Soc,  bioL,  1908,  cxlvi, 

*•  Chodat,  R.,  and  Staub,  Arch.  Sc.  Phys.  Nat.,  1907,  xxiii,  265;  xxiv, 
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from  wheat  bran  on  compounds  analogous  to  tyrosine  and  to  phenylalanine ; 
that  is,  compounds  with  and  without  the  phenolic  hydroxyl  group.  Thus 
he  found  phenylalanine,  phenylethylamine,  phenylmethylamine,  phenyl- 
aminoacetic  acid,  phenylpropionic  acid,  phenylacetic  acid,  alanine,  and 
glycocoll  produced  no  coloration  at  all.  On  the  other  hand  the  following 
compounds  with  phenolic  hydroxyl  groups  produced  coloration  as  follows  z 

Tyrosine Grenadine-red,  inky  black. 

p-Hydroxyphenylethylamine Grenadine-red,  olive-black. 

p-Hydroxyphenylmethylamine Orange-yellow,  orange-red,  clear  ma- 
roon. 

p-Hydroxyphenylamine Orange,  mahogany-red,  brown. 

p-Hydroxyphenylpropionic  acid Orange-yellow,  grenadine-red,  brown - 

p-Hydroxybenaoic  acid Rose,  orange,  yellow. 

p-Cresol Yellow,  orange,  red. 

Phenol Yellow,  orange,  red,  brown. 

He  concludes,  therefore,  that  tyrosinase  acts  only  on  those  compounds 
containing  a  phenolic  group. 

In  1907  Abderhalden  and  Guggenheim**  published  an  interesting  arti- 
cle on  the  effect  of  tyrosinase  from  RiLsaula  delim  on  tyrosine,  tyrosine- 
containing  polypeptides  and  other  related  substances.  They  observed 
that  glycocoll,  (i-alanine,  d-valine,  Z-proline,  d-serine,  d-Z-isoserine,  and 
/-phenylalanine  retard  the  action  of  tyrosinase  on  tyrosine  only  slightly  un- 
less present  in  very  large  concentrations.  The  largest  concentration  used 
was  molar;  /-aspartic  acid  and  d-glutamic  acid,  however,  even  when  pres- 
ent at  a  concentration  of  0.01  molar  retard  the  action  considerably. 
The  same  authors  found  that  the  enzyme  has  no  effect  on  diiodotyrosine, 
/-phenylalanine,  /-proline,  or  cystine.  But  Z-  and  d-tyrosine,  homogen- 
tisic  acid,  and  tryptophane  showed  a  color  change.  Particularly  interest- 
ing was  the  case  of  d-tryptophane.  The  authors  state  that  at  first  they 
thought  that  the  coloration  with  tryptophane  may  be  due  to  traces  of 
tyrosine.  They,  however,  used  a  very  pure  product.  They  repeated 
their  experiment  but  always  came  to  the  same  result.  Furthermore, 
they  tried  the  effect  of  tyrosinase  on  solutions  of  tryptophane-containing 
polypeptides  and  found  development  of  color.  They  therefore  conclude 
that  this  coloration  must  not  be  ascribed  to  the  presence  of  traces  of  tyro- 
sine. Still  more  interesting  is  the  fact  that  neither  indol  nor  skatol  were 
found  to  produce  coloration.  Abderhalden  and  Guggenheim  in  the  same 
article  describe  the  effect  of  tyrosinase  on  polypeptides  containing  tyro- 
sine. The  color  developed  in  these  cases  is  modified  to  some  extent  by 
the  nature  of  the  amino-acid  combined  with  the  tyrosine  in  the  polypeptide. 
Addition  of  some  amino-acids  were  also  found  either  to  accelerate  or  to 
retard  the  action  of  tyrosinase  on  the  polypeptide.    Thus  proline  acceler- 

*•  Abderhalden,  E.,  and  Guggenheim,  M.,  Z.  physiol.  Chem.y  1907-08, 
Uv,  331. 
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at««  considerably  the  action  of  the  oxidase  on  glycyl-Z-tyrosine  anhydride, 
irliXle  aspartic  acid  and  glutaminic  acid  retard  the  action.  On  the  other 
bmjrmd  halogen  derivatives  of  the  polypeptides  were  not  acted  upon  by  ty- 
The  same  authors  also  found,  as  did  Bertrand,  that  tyrosinase 
on  phenol,  giving  a  brown  color,  which  was  modified  by  amino-acids. 
PftB^mis  glycocoll  plus  phenol  gave  a  cochineal  color,  while  proline  and  phenol 
gsa.^^T'e  violet.  The  authors  finally  concluded  that  the  amino-acids,  when 
pr^^sent,  apparently  take  part  in  the  production  of  the  pigment.  In  a 
lik^-^r  article'*  these  same  authors  point  out  that  tyrosinase  acts  on  adrena- 
lizx.  with  the  rapid  production  of  a  red  color  and  ultimately  dark  red  floe- 
cLxJli.    All  three  isomers  of  adrenalin  are  affected  with  equal  rapidity. 

ilt  is  to  be  regretted  that  in  none  of  the  above  cited  contributions  was 
el-^^fcer  arginine,  histidine,  or  lysine  tried.    It  is  hoped  that  this  omission- 
irUU  be  filled  in  the  near  ^ture. 

EXPEBIMENTAL. 

The  fact  that  zein,  when  boiled  with  glucose  in  22.68  per  cent 
hydrochloric  acid  solution,  increases  its  humin  nitrogen  from 
^-56  to  1.84  per  cent  indicates,  as  Grindley  and  his  coworkers* 
f^Sgested,  that  other  amino-acids  besides  tryptophane  take  part 
^^  Xiitrogenous  humin  formation.  Only  a  small  per  cent  of  some 
^f  tbese  amino-acids  may  take  part  in  this  formation  so  that  only 
^y  Working  with  the  individual  amino-acids  is  it  possible  to  de- 
^^i^iLune  whether  the  humin  nitrogen  was  due  to  a  definite  reac- 
^^U  or  to  an  adsorption.  Again  it  is  only  by  working  under 
approximately  the  same  set  of  conditions  that  it  is  possible  to 
detect  differences  in  behavior  between  the  different  amino- 
^cicls.  The  following  procedure  was,  therefore,  adhered  to  as 
^insistently  as  practicable. 

Xlie  amino-acid,  plus  sugar,  plus  50  cc.  of  water  or  hydrochloric 
*^*ci  solution  of  the  specified  strength  was  heated  for  48  hours 
^  ^  300  cc.  Ejeldahl  flask  on  a  sand  bath.  The  flask  was  pro- 
^5^^d  with  a  reflux  condenser  made  from  a  large  test-tube  fitted 
T^^li  cork  and  tubings  for  a  current  of  cold  water.  After  heat- 
^K»  the  digestion  mixture  was  neutralized  with  the  calculated 
^*^ount  of  sodium  hydroxide  solution.  The  salt  thus  formed 
^^^^^ulated  most  of  the  precipitate  that  may  have  existed  in  a 
^^lloidal  state  in  the  solution.  The  mixture  was  then  filtered  into 
'^X)  cc.  graduated  flasks  and  the  humin  was  washed  repeatedly 

^  Abdeiiialden  and  Guggenheim,  Z.  physioL  Chem.,  1908,  Ivii,  329. 
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with  boiling  water  until  the  flask  was  filled  to  the  mark.  Tl 
amount  of  washing  was  found  to  be  suflScient  to  remove  almc 
all  of  the  adsorbed  amino-acid  which  could  be  removed  by  tl 
treatment  alone.  The  humin  with  the  filter  paper  was  th 
Kjeldahled.  The  filtrate  was  either  Kjeldahled  or  Van-Slyk 
or  used  for  both  determinations.  25  cc.  portions  were  taken  i 
the  Kjeldahl  and  10  cc.  portions  for  the  Van  Slyke  determinatic 

The  nitrogen  content  of  the  amino-acids  was  determined  eitl 
by  Kjeldahl's  or  by  Van  Slyke's  method  or  by  both.^  The  % 
cent  of  nitrogen  was  the  only  thing  used  to  establish  the  identi 
and  purity  of  the  compounds. 

The  following  amino-acids  were  furnished  by  Professor  Hai 

Nitrogen. 
Amino-acid.  Found.  Theoretioal 

percent  percent 

Alanine *. .  15.70  15.75 

Cystine '.  11.2-11.6  11.67 

Tyrosine 7.67  7.72 

Lysine  hydrobromide 

(2C6Hi4N402 .  HBr .  H,0) 14.72  14.32 

Tryptophane 6.44  (Amino  N)  6.86 

Phenylalanine* 6.95  6.94 

*  The  phenylalanine  was  kindly  furnished  by  Dr.  T.  B.  Osborne  ( 
New  Haven. 

The  following  amino-acids  were  prepared: 

Nitrogen. 
Amino-acid.  Found.  TheoretioaL 

per  cent  percent 

Leucine,  from  zein 10.90  10.70 

Proline,  from  zein,  also  from  gelatin 12.20  12.17 

(No  amino  N) 

Glutaminic  acid,  from  gliadin 7.17  7.64 

Arginine  (free)  from  gelatin 29.95  32. 20 

Amino  N 7.70  8.04 

Histidine  di hydrochloride,  from  blood. . .  17.25  18.42 

Amino  N 5.76  6. 14 

In  the  preparation  of  the  above  amino-acids  the  directioi 
given  in  Abderhalden's  Arbeitsmethoden  were  followed.  Tl 
per  cents  of  nitrogen  found  for  arginine  and  histidine  respective 
were  not  quite  up  to  the  theoretical,  but  since  the  amino  nitrogc 
was  almost  one-fourth  of  the  total  in  the  arginine  sample  and  on 
third  in  the  histidine,  it  was  evident  that  the  samples  of  bol 
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these  amino-acids  were  free  from  other  amino-acids,  their  low 
total  nitrogen  content  being  due  to  moisture.    The  nitrogen 
determinations  of  these  amino-acids  were  made  on  the  same  day 
that  the  experiments  on  humin  formation  were  started. 

Due  to  the  scarcity  of  material  it  was  found  impossible  to 
recrystallize  some  of  the  amino-acids  in  order  to  obtain  as  pure 
a   product  as  could  be  desired. 

The  results  are  shown  in  the  following  table.  All  the  experi- 
ments were  in  duplicate  and  average  figures  are  given. 

The  results  show  that  neither  alanine  nor  leucine  give  humin 
nitrogen.  Glutaminic  acid  when  boiled  with  sugar  in  2  per  cent 
&eid  solution  yields  some  humin  nitrogen,  but  none  in  20  per 
<^iit  acid.  Attention  is  called  to  the  fact  that  glutaminic  acid 
^^  lieating  even  at  the  concentration  .used  seems  to  form  pyrro- 
li<ion  carboxylic  acid  readily,  as  evidenced  by  the  loss  of  activity 
^^  it^  amino  nitrogen  in  Experiments  13,  14,  and  16.  Such  a 
forxjaation  does  not  take  place  in  strong  acid.  Phenylalanine 
yields  about  1.65  per  cent  of  its  nitrogen  in  the  humin  in  20  per 
^^m  acid  solution.  Proline  does  not  give  humin  nitrogen  with 
Sl\icose  with  20  per  cent  acid,  but  seems  to  react  to  some  extent 
^^ith  xylose  and  fructose  in  4.15  per  cent  acid  solution.  Cystine 
^^ith  20  per  cent  HCl  yields  about  3.1  per  cent  humin  nitrogen 
^^d  the  noteworthy  fact  about  this  amino-acid  is  the  deeply 
^^lored  filtrate  it  produced.  The  same  was  observed  with  the 
^^trate  from  the  tyrosinensugar  experiments.  As  much  as  15 
jr  cent  of  tyrosine  nitrogen  may  be  converted  into  humin  nitro- 
:en. 

The    cases   of   the   three  hexone  bases  are  particularly  in- 

^^^resting.     When  boiled  with  sugars  in  20  per  cent  HCl  solution 

three  yield  some  of  their  nitrogen  as  humin  nitrogen.     Ar- 

;inine  and  lysine,  with  sugar,  give  more  deeply  colored  filtrates 

^^han  histidine.     If  the  deep  coloration  of  the  filtrate  indicates 

^^reaction,  then  it  must  be  stated  definitely  that  in  the  case  of 

^rjystine,  tyrosine,  arginine,  and  lysine  in  20  per  cent  HCl,  the  hu- 

^^nin  nitrogen  is  due  to  a  reaction  and  not  to  an  adsorption.     An- 

^^ther  fact  that  supports  the  contention  that  a  definite  reaction 

Ss  responsible  for  humin  formation  at  least  in  the  case  of  tyrosine 

^  that  phenylalanine  gives  but  little  humin  nitrogen.    If  this  were 

a  case  of  adsorption,  then  there  should  probably  be  no  differ- 
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^mce  in  behavior  between  tyrosine  and  phenylalanine.     In  aque- 
C3US  or  very  weak  acid  solution  arginine,  histidine,  and  lysine 
evidently  react  with  sugar  as  indicated  by  the  highly  colored 
solutions  produced  and  by  the  loss  of  activity  of  a  large  fraction 
of   their  amino  nitrogen.    Thus,   when  arginine  plus  glucose 
^^as  boiled  in  water  there  was  a  very  deep  coloration  of  the  solu- 
tion (Experiment  39),  and  at  least  25  per  cent  of  the  amino  nitro- 
C^en   became  inactive  towards   nitrous  acid.     Lysine   behaved 
similarly  (Experiment  42),  17  per  cent  of  the  amino  nitrogen 
l)ecoming  inactive  towards  nitrous  acid.     Histidine  acted  like- 
^wise  (Experiments  47  and  51),  16.2  per  cent  of  its  ai^o  nitro- 
gen becoming  inactive.    These  facts  show  that  in  the  cases  of 
liistidine  and  arginine  the  a-amino  nitrogen  takes  part  in  the 
reaction.     In  the  case  of  lysine  it  is  difficult  to  establish  which 
amino  group  is  reactive,  since  at  the  time  the  amino  nitrogen  in 
the  filtrate  was  determined  the  temperature  in  the  laboratory 
was  about  35^C.  and  at  this  temperature  it  was  found  that  both 
the  a-  and  the  e-amino  group  of  lysine  react  with  nitrous  acid  in 
5  minutes,  as  may  be  seen  in  the  amino  nitrogen  determination 
of  the  filtrate  (Experiments  40  to  42).     It  is  to  be  noted  that  in 
these  cases  some  loss  of  nitrogen  also  took  place.     It  may  be 
that  during  the  reaction  some  ammonia  was  given  oflF. 

The  result  with  tryptophane  is  in  agreement  with  the  work  of 
Gortner  and  Blish^  in  that  a  greater  portion  of  the  tr3rptophane 
nitrogen  is  converted  into  humin.  The  strength  of  the  acid  used 
here  and  the  different  procedure  followed  may  account  for  the 
difference  in  the  per  cent  of  tryptophane  nitrogen  found  in  the 
humin  which  according  to  the  above  named  authors  was  86  per 
cent  while  in  these  experiments  only  about  71  per  cent  was  ob- 
tained. Due  to  a  lack  of  material  it  was  impossible  to  repeat  the 
experiment  with  tryptophane. 

In  order  to  determine  which  atomic  groupings  in  tyrosine, 

cystine,  and  tryptophane  were  responsible  for  humin  formation, 

the  humin  from  ^ch  one  of  these  amino-acids  was  dissolved 

in  0.1  N  alkali  and  Van-Sly ked.     It  was  beUeved  that  if  the  amino 

Sxx>up8  in  this  humin  remained  intact  they  should  still  give  the 

uitrous  acid  reaction.    The  results  are  as  follows: 
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.   Humin  nitrocen.      ReMtiTe  with  HNOt. 
mg.  mg. 

Tyrosine 2.360  2.45 

Cystine 0.974  0.88 

Tryptophane 13.820  1 .90 

From  these  results  it  must  be  concluded  that  in  the  case  of 
tyrosine  and  cystine  it  was  not  the  amino  group  that  reacted 
with  sugar  to  form  humin  but  some  other  group,  probably  the 
(OH)  in  tyrosine  and  the  (S-S)  in  the  case  of  the  cystine.  If  this 
were  the  case,  then  the  cystine  would  presumably  undergo  re- 
duction before  reacting  with  the  sugar. 

In  order  to  determine  whether,  as  Gortner  and  Blish  suggested, 
the  furfurol  obtained  from  sugar  was  responsible  for  the  reaction, 
Experiments  54,  55,  and  56  were  performed  as  follows: 

Ezp^ment  Humin  N.  Per  oeat  of 

No.  mg.  total  N. 

64      0.2  gm.  cystine  -f  2  cc.  furfurol  +  20 

per  cent  HCl 7.00  32.0 

/i5      0.2  gm.  tyrosine  -f  2  cc.  furfurol  +  20 

per  cent  HCl 8.40  55.0 

56      0.2  gm.  arginine  +  2  cc.  furfurol  +  20 

per  cent  HCl 12.75  21 .5 

These  results  tend  to  show  that  the  furfurol  formed  from  sugars 
under  the  influence  of  acids  may  to  a  great  extent  be  responsible 
for  humin  formation. 

As  to  the  effect  of  the  different  sugars  on  the  reactive  amino- 
acid,  Experiments  20,  21,  22,  29,  38,  and  46  show  that  xylose 
and  fructose  give  higher  results  than  glucose  as  a  rule.  This  is 
to  be  expected,  if  it  is  admitted  that  furfurol  or  some  other  sim- 
ple aldehyde  is  the  active  substance  in  these  reactions. 

DISCUSSION   OF  RESULTS. 

Some  evidence  is  given  which  shows  that  the  a-amino  groups  of 
arginine,  histidine,  and  tryptophane  take  part  in  the  reaction 
with  sugars.  On  the  other  hand,  the  a-amino  groups  of  alanine 
and  leucine  are  unable  to  give  the  same  reaction.  Glutaminic 
acid  and  phenylalanine,  although  giving  some  humin  nitrogen, 
Ukewise  furnish  no  indication  of  reaction.  At  least  for  the  pres- 
ent it  may  be  admitted  that  the  humin  nitrogen  in  these  cases — 
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^utaminic  acid  and  phenylalanine — was  due  to  adsorption  and 

xxot  to  a  reaction.     It  was  also  shown  that  in  tyrosine  the  reactive 

^Toup  is  presumably  the  (OH)  and  surely  not  the  a-NHj.     In 

oystine,  as  shown  above,  the  a-amino  group  remained  intact, 

&€}  that  presiunably  the  reaction  was  with  the  mercaptan  group. 

The  question  may  then  be  asked:  Why  are  the  a-NHs  groups  of 

^rginine,  histidine  and  tryptophane  more  reactive  than  those 

of  the  other  amino-acids?    An  attempt  to  explain  this  difference 

behavior  of  the  amino-acids  towards  carbohydrates,  based 

the  present  work  and  on  some  of  the  contributions  reviewed 

the  first  part  of  this  paper,  is  here  offered.     It  is  generally 

stated  that  the  properties  of  a  compound  are  functions  of  its 

^i^nicture.     It  is,  therefore,  to  the  structure  of  these  amino-acids 

t^hat  we  must  look  for  an  explanation  of  their  different  behavior 

-towards  carbohydrates.     The  structural  formulas  of  histidine, 

tryptophane,  and  arginine  are  given  below. 


CH 
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H-C  =  C— CH2— CH 
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(d) 
Tryptophane. 
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^^^^"veral  investigators  have  advanced  the  idea  that  humin 

,  ^"^^^ation  is  dependent  on  the  presence  of  labile  hydrogen  in 

p  ^^  ^unino-acid  molecule  (Samuelly,  Grindley  and  Slater,  etc.). 

,  ^^clently  judging  from  the  results  of  the  present  work  the  two 

^^t^gens  of  the  a-amino  groups  of  alanine  and  leucine  are  not 
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labile  enough  to  give  condensation  products  with  carbohydrates 
at  least  under  the  conditions  of  these  experiments. 

In  histidine,  arginine,  and  tryptophane,  however,  there  are 
other  labile  hydrogens  (a,  b,  c,  d,  e,  f).  The  positions  of  these 
labile  hydrogens  with  respect  to  the  a-amino  group  are  very  favor- 
able for  ring  formation.  The  reaction  with  a  carbohydrate 
or  furfurol  may  very  well  be  thought  of  as  taking  place  as  follows: 


Histidine. 
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The  following  facts  tend  to  support  the  idea  of  ring  formation : 

1.  The  intense  color  of  the  products. 

2.  Miss  Homer^^  in  her  work  on  the  condensation  products 
tryptophane  with  aldehydes,  speaking  of  the  action  of  glyoxal 

on  this  amino-acid,  states: 

"Taking  into  consideration  the  necessity  of  the  presence  of  an  oxidiz- 
i.Kig  agent  and  also  the  fact  that  the  substance  produced  is  intensely  colored 
i.'Ci  is  highly  probable  that  in  this  reaction,  besides  the  simple  aldehyde 
c^ondensation  ....  there  has  also  been  elimination  of  hydrogen 
^<rcompanied  by  complex  ring  formation." 

3.  The  fact  that  pyridine  was  obtained  by  Samuelly  from  his 
*"  ''melanoidins,"  was  at  one  time  used  as  an  argument  to  indicate 
tJiat  a  pyridine  nucleus  was  found  in  proteins.  This  idea  has 
iDeen  disposed  of  by  Emil  Fischer's  work  on  proteins,  but  the  fact 
s-emains  that  pyridine  is  found  in  the  humin  formed  from  pro- 
teins. This  occurrence  may  be  explained  by  Reactions  II  and  IV 
^hus: 


NH\  NX 

4.  The  action  of  tyrosinase  on  tyrosine  tends  to  support  the 
idea  of  ring  formation.  Tyrosinase  produces  coloration  with 
tryptophane  but  not  with  indol,  skatol,  or  glycocoU.  There- 
fore, the  formation  of  the  highly  colored  product  requires  the 
peculiar  structure  of  tr>'ptophane.  This  formation  may  be  con- 
sidered as  taking  place  in  the  manner  described  above. 

The  differences  in  behavior  between  histidine,  arginine,  and 
tr3rptophane  may  again  be  referred  back  to  the  differences  in 
their  structure.  Tryptophane  being  already  a  complex  com- 
pound with  a  benzene  and  a  pyrrol  ring  may  form  an  insoluble 
four-ringed  compound  with  furfurol,  which  is  extremely  resist- 

»  Homer.  A.,  Bioehem.  J.,  1913,  vii.  111. 
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ant  to  the  action  of  acid.  This  will  explain  why  tryptophane 
is  converted  into  humin  almost  quantitatively.  On  the  other 
hand  furfurol  may  form  with  histidine  and  arginine  products 
which  are  still  more  or  less  soluble  and  in  the  presence  of  strong 
acid  may  be  hydrolyzed  back  to  the  free  amino-acids.  Thus 
as  in  the  case  of  glutaminic  acid,  no  formation  of  a  ring  com- 
pound takes  place  in  strong  hydrochloric  acid  solution.  This 
view  will  explain  why  in  weak  acid  or  in  aqueous  solution  both 
histidine  and  arginine  react  more  readily  to  form  colored  products 
than  in  strong  acid  solution. 

It  is  not  claimed  that  the  reaction  given  above  gives  the  actual 
structure  of  the  melanin  molecule,  since  no  evidence  is  available 
to  indicate  what  happens  to  the  rest  of  the  molecule  of  the  amino- 
acids  during  the  reaction  with  sugars.  This  theory  on  humin 
formation  is  given  here  in  the  hope  that  it  may  serve  as  a  guide 
for  future  work  on  the  structure  of  these  compounds. 

No  evidence  was  found  in  the  present  work  to  explain  Samu- 
elly's  finding  that  when  the  humin  obtained  from  sugar  plus 
tyrosine  was  fused  with  alkalies,  an  odor  of  indol  was  obtained. 
It  might  have  been  possible  that  the  tyrosine  used  contained 
traces  of  tryptophane  which  would  explain  the  production  of 
indol.  Likewise  the  fact  that  pyrrol  was  obtained  from  his 
"melanoidins"  can  be  traced  back  to  the  presence  of  the  trypto- 
phane nucleus  in  them. 

Almost  all  of  the  experiments  recorded  in  this  paper  were  done 
with  single  amino-acids.  There  was  found  evidence  (Experiment 
31)  to  show  that  the  reaction  would  be  different,  at  least  in  the 
case  of  cystine  and  tyrosine,  if  other  amino-acids  were  present 
in  the  reaction  mixture  with  sugar.  If  cystine  and  proline  were 
boiled  together  in  the  presence  of  glucose  and  20  per  cent  HCl 
a  larger  amount  of  cystine  nitrogen  disappeared  in  humin  forma- 
tion than  when  cystine  was  boiled  alone.  The  same  was  true 
when  tyrosine  and  proline  were  boiled  together.  It  would, 
therefore,  be  interesting  to  study  the  behavior  of  mixtures  of 
different  amino-acids  when  boiled  with  sugars,  both  in  acid 
and  aqueous  solutions.  Abderhalden  and  Guggenheim^*  work- 
ing with  tyrosinase  along  this  same  line  already  concluded  that 
other  amino-acids,  when  present,  apparently  take  part  in  the 
production  of  the  pigment. 
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CONCLUSIONS. 

1.  AlanlDe,  leucine,  pheuylalanine,  and  glutaminic  acid  may  be 

elXjminated  as  important  factors  in  himiin  formation,  when  sub- 

j^^i^ted  to  the  treatment   used  in  these  experiments.      Proline, 

h<z^wever,   under  certain  conditions  may  be  involved  in  humin 

f€Z>  :KTnation. 

2.  The  following  amino-acids  were  responsible  for  humin 
f d^  :Tmation,  and  in  digestions,  with  20  per  cent  HCl  plus  sugar, 
ti:».€  proportion  of  their  nitrogen  disappearing  was:  Tyrosine,  15.0; 
cr:3;^^tine,  3.1;  arginine,  2.33;  lysine,  2.62;  histidine,  1.84;  trypto- 

lane,  71.0  per  cent. 

3.  Xylose  and  fructose  were   as   a  rule  more  reactive  than 
micose. 

4.  Arginine,  histidine,  and  lysine  reacted  with  sugars  more 
indily  in  weak  acid  or  aqueous,  than  in  strong  acid  solutions. 

5.  Arginine,  histidine,  and  tryptophane  reacted  with  loss  in 
reactivity  of  their  amino  nitrogen  towards  nitrous  acid,  but 
tyrosine  and  cystine  reacted. without  any  such  loss. 

6.  A  possible  mode  of  reaction  is  suggested. 

It  is  with  pleasiu*e  that  the  writer  acknowledges  his  obUgation 
to  PVofessor  E.  B.  Hart,  Chief  of  this  Department,  for  giving 
'um  this  problem,  and  for  his  many  valuable  suggestions  during 
its  execution. 


DIRECT  DETERMINATION  OF  UREA  AND  AMMONIA 

IN  MUSCLE. 

By  JAxMES  B.  SUMNER. 

the  DepartmeTU  of  Physiology  and  Biochemistry ,  Medical  College^ 

Cornell  University,  Ithaca.) 

(Received  for  publication,  August  16,  1916.) 

Le  determination  of  urea  in  blood  and  urine  has  been  made 
^^>ot:ti  simple  and  accurate  by  the  urease  method  of  Marshall^ 
^s     developed  by  Van  Slyke  and  Cullep.^    For  some  time  the 
xtier  has  had  need  of  a  suitable  modification  of  this  method  in 
^r  to  determine  urea  and  ammonia  in  muscle  and  other  tissue. 
^I  SI  Tshall^  has  successfully  applied  his  urease  method  to  the  analy- 
sis    of  tissue,  extracting  with  several  portions  of  alcohol.    The 
^TTxter  in  collaboration  with  Fiske,'  has  used  a  similar  method  of 
^xt^xaction  with  alcohol,  applying  the  method  of  FoUn  and  Denis.* 
This  procedure  is  apparently  accurate  but  is  tedious. 

On  account  of  the  ease  with  which  urea  is  capable  of  diffusing 
tlii-ough  cell  membranes,*  it  appeared  that  the  urease  solution 
niig^ht  be  allowed  to  act  directly  upon  the  tissues  containing  urea, 
provided  these  tissues  were  ground  finely,  and  enough  time  were 
allowed  for  the  process  of  diffusion.  At  first  the  author  tried 
K^'inding  muscle  with  sand  in  a  glass  mortar,  but  gave  up  this 
procedure  as  unnecessary  when  it  was  found,  a  little  later,  that  even 
^^^r'sely  chopped  muscle  tissue  gave  as  high  values  for  urea  as  sam- 
ples that  had  been  ground  with  sand  to  a  very  fine  powder.  That 
^^    urea  quickly  diffuses  out  of  even  rather  coarsely  chopped 

J    '   Marshall,  E.  K.,  Jr.,  /.  Biol.  Chem.,  1913,  xv,  493.    Marshall,  E.  K., 

"  •   ^nd  Davis,  D.  M.,  ibid.,  1914,  xviii,  53. 
,^  "  Van  Slyke,  D.  D.,  and  Cullen,  G.  E.,  J.  BioL  Chem,,  1914,  xix,  211; 
^^\^,   xxiv,  117. 

^iske,  C.  H.,  and  Sumner,  J.  B.,  J.  Biol.  Chem.,  1914,  xviii,  288. 
*  l^'olin,  O.,  /.  Biol.  Chem.,  1912,  xi,  507. 

C5ryns,  G.,  Arch.  ges.  Physiol.,  1896,  Ixiii,  86,  and  others. 
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muscle  was  shown  by  the  fact  that  samples  allowed  to  stand  in 
urease  solutions  for  ^  hour  gave,  upon  aeration,  no  lower  figures 
for  urea  than  did  samples  that  had  been  allowed  to  stand  with 
urease  for  1  and  2  hour  intervals.  This  fact  makes  it  possible  to 
determine  urea  in  muscle  directly,  and  the  writer  sees  no  reason 
why  it  may  not  be  determined  in  the  same  manner  in  any  other 
tissue. 

Van  Slyke  and  Cullen  have  stated  that  the  accuracy  of  the 
urease  method  is  limited  only  by  the  error  involved  in  titration, 
but  I  have  found  the  greatest  error  to  be  in  the  process  of  aera- 
tion. The  use  of  methyl  red  as  indicator,  of  Jena  glass,  of  suf- 
ficiently dilute  acid  and  alkali  solutions,  of  calibrated  burettes, 
of  a  vertical  plate  glass  mirror  2  feet  back  of  the  burettes  as  a 
means  of  avoiding  parallax,  and  the  precaution — ^as  Van  Slyke 
and  Cullen  advise — of  keeping  rubber  stoppers  and  tubing  from 
contact  with  strong  alkalis  and  acids,  make  the  process  of  titra- 
tion an  exceedingly  accurate  one. 

EXPERIMENTAL   PART. 

Fresh  muscle  was  obtained  from  cats  and  guinea  pigs.  They 
were  etherized,  killed  by  bleeding,  and  skinned;  and  the  more 
accessible  muscles  remoVed  with  as  little  fat  and  fascia  as  pos- 
sible. This  muscle  was  minced  in  a  "Universal"  meat  chopper. 
In  order  to  obtain  the  tissue  as  homogeneous  as  possible,  it  was 
usually  put  through  the  meat  chopper  four  or  five  times.  The 
ground  muscle  was  then  transferred  to  a  rubber-stoppered  weigh- 
ing bottle.  A  long  glass  spatula  was  found  most  useful  in  trans- 
ferring samples  of  material  to  the  bottoms  of  the  large  test-tubes 
(23  X  200  mm.)  9  cc.  of  water  in  portions  were  used  to  wash  this 
spatula  and  to  rinse  down  any  bits  of  muscle  that  had  stuck  to 
the  sides  of  the  test-tubes.  The  most  convenient  weight  of 
muscle  to  take  as  a  sample  was  found  to  be  from  2  to  3  gm.  If 
larger  amounts  of  muscle  are  used  more  water  should  be  added 
to  prevent  the  mass  from  becoming  pasty.  1  cc.  of  a  5  per  cent 
urease  solution  accurately  made  up  was  then  added,  the  mixture 
well  stirred  with  the  end  of  the  glass  aeration  tube,  and  after 
standing  for  ^  hour  or  longer  the  process  of  aeration  was  carried 
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t.    For  the  determination  of  ammonia  in  muscle  the  mixture 
stirred  and  aerated  at  once. 


As  the  ground  muscle  was  always  found  to  be  acid,  no  acid  phosphate 

added  to  it;  and  there  was  no  danger  from  loss  of  ammonia. 

The  urease  used  was  made  by  the  method  of  Van  Slyke  and  Cullen,' 

th  the  modification  that  less  water  was  employed  in  the  extraction  of. 

.«  urease,  and  a  larger  volume  of  acetone  was  used  to  precipitate  it. 

le  ammonia  content  of  this  dry  preparation  was  carefully  determined., 

;w  urease  solutions  were  made  up  each  day,  and  kept  on  ice.    The  au- 

or  found  it  convenient  to  weigh  out  the  urease  into  a  large  glass  mor-., 

and  add  the  desired  amount  of  water  from  a  pipette,  grind,  and  then 

msfer  to  a  flask. 

^ith  the  exception  of  the  urease,  all  the  reagents  used  were  purified  until 
^X:Kiioet  absolutely  free  from  ammonia.    The    potassium  carbonate  was 
suie  ammonia-free  by  boiling  its  solution  to  dryness,  and  heating  until 
*^:^J»ydrous. 

For  the  liberation  of  anunonia,  5  gm.  of  anhydrous  potassium 

^^^rbonate  were  added  to  the  solution,  in  which  there  were  alwa3n3 

present  10  cc.  of  water.    The  acid  used  for  absorbing  the  am- 

'^^onia  set  free  was  0.01  n,  and  the  alkah  used  in  running  back, 

0-0088  N.     In  order  to  increase  the   height   of  the   absorbing 

^^Imnn  of  acid,  10  cc.  of  water  were  alwayis  added;  this  made  a 

l^eight  in  the  test-tube  of  6  to  7  cm.,  and  under  the  conditions  of 

^©  experiments  allowed  no  measurable  amount  of  ammonia  to 

escape.    With  alkali  even  as  dilute  as  0.0088  n  it  was  found  that 

^y  using  methyl  red  as  indicator,  and  a  standard  end-point  of 

®^^um  acetate  and  acetic  acid,  titrations  could  be  nm  to  within 

^  Very  small  fraction  of  a  drop  of  alkali.    The  acid  and  alkali 

^^lutions  were  never  allowed  to  come  into  contact  with  any  but 

•'^iia  or  "nonsol"  glass,  with  exception  of  the  burettes  which  were 

^^U  seasoned;  Jena  glass  absorption  tubes  were  used.    Both  aera- 

^^U  and  absorption  tubes  were  provided  with  eight  small  holes, 

Van  Slyke  and  Cullen  advise.    One  drop  of  caprylic  alcohol 

added  to  the  test-tube  containing  the  acid  and  fifteen  drops 

^  tie  aerated  inixtiu*e.    The  time  of  aeration  was  usually  40min- 

^^^^s  with  an  air  current  of  2  to  3  Uters  per  minute,  always  nm 

^o^ly  for  the  first  3  minutes. 

It  was  found  that  when  the  speed  of  aeration  was  5  liters  per  minute, 
^  mdviaed  by  Van  Slyke  and  Cullen,  it  was  necessary  to  keep  the  test- 
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tubes  containing  the  acid  stoppered  and  to  fit  them  with  wide  (8  mm.) 
bent  tubes  as  traps  to  prevent  loss  of  acid  by  spattering.  Much  more 
serious  was  the  spattering  of  alkali  from  the  test-tubes  containing  the 
aerated  mixture.  I  found  that  no  amount  of  caprylic  alcohol  would  pre- 
vent the  passing  over  into  the  acid  of  very  slight  amounts  of  fine  spray. 
Although  the  alkali  blown  over  with  an  air  current  of  5  liters  per  minute 
is  very  small  in  amount  (usually  0.1  cc.  of  0.01  n  alkali  with  20  minutes' 
aeration),  this  is  not  a  negligible  factor  when  0.5  mg.  or  less  of  nitrogen 
b  being  dealt  with.  When  the  aeration  is  at  a  rate  of  not  more  than  3 
liters  per  minute,  this  source  of  error  is  much  lessened.  The  rate  of  aera- 
tion was  measured  by  means  of  a  Junkers  gas  meter  and  also  by  the  method 
devised  by  Kober  and  Graves.* 

Below  are  some  results  obtained  by  this  method. 


TABLE  I. 
Cat  Muscle, 


Mg.  per  100  gm.  moist  muscle. 

Weight. 

Urease  aeted. 

Urea  and  NHiN. 

NHaN. 

gm. 

kr». 

• 

1.757 

i 

28.0* 

2.183 

i 

27.4* 

2.095 

2 

28.4 

1.811 

2 

28.6 

1.880 

2 

'   28.7 

1.177 

10.4 

1.486 

10.0 

*  Once  through  chopper. 


TABLE  II. 
Guinea  Pig  Muscle, 


2.422 

1 

21.0 

2.476 

1 

20.6 

2.777 

1 

21.0 

2.760 

14.6 

3.165 

14.1 

2.521 

15.3 

•Kober,  P.  A.,  and  Graves,  S.  S.,  J,  Am.  Chem,  Soc,  1913,  xxxv,  ISW^B 
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TABLE  ni. 
Guiftfia  Pig  Muscle, 


3.190 

1 

26.8 

3.063 

1 

26.4 

2.587 

1 

26.1 

2.524 

1 

26.3 

3.246 

13.0 

2.591 

13.9 

4  hrs.  later. 


1.887 

1 

30.2 

2.727 

1 

30.1 

2.129 

16.4 

2.223 

16.1 

TABLE   lY. 
Cat  Muscle. 


Iff.  par  100  cm.  mont  muade. 

^^oght. 

Urene  acted. 

UraaandNHtN. 

NHiN. 

fM. 

kn. 

2.515 

\ 

24.9 

2.166 

\ 

25.7 

2.560 

h 

24.8 

3.193 

i 

25.3 

2.632 

2 

24.7 

2.001 

13.0 

4  hrs 

.  later. 

2.990. 

J 

24.6 

1.973 

i 

24.0 

2.154 

2 

25.0 

2.000 

15.0 

100 
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TABLE  V. 
Guinea  Pig  Muscle, 


4  hrs.  later. 


TABLE  VI. 
Cat  Muscle. 


4  hrs.  later. 


•  2.453 

i 

26.5 

2.695 

i 

27.0 

2.717 

i 

26.5 

2.590 

12.8 

2.259 

13.0 

2.271 

i 

27.6 

2.176 

i 

28.0 

2.378 

i 

27.9 

2.316 

13.8 

2.310 

13.8 

r.958 

i 

32.1 

2.266 

i 

32.7 

1.678 

1 

32.3 

2.266 

12.6 

2.217 

1 

12.1 

2.060 

i 

31.5 

1.975 

i 

31.2 

2.593 

1 

31.0 

2.302 

1 

31.4 

2.419 

13.0 

1.625 

14.5 

CONCLUSION. 

It  is  noteworthy  that  the  ammonia  content  of  muscle  should 
be  so  much  higher  than  that  of  blood,  the  ammonia  content  of 
cat's  blood  being  usually  less  than  1  mg.  per  100  cc.  Marshall 
and  Davis^  give  figures  for  urea  in  the  various  tissues  of  dogs 
but  make  no  mention  of  having  made  analyses  for  ammonia,  or 
of  having  taken  this  into  account. 

'  Marshall  and  Davis,  /.  BioL  Chem.,  1914,  xviii,  53. 
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To  avoid  changes  that  might  take  place  in  chopped  muscle, 
analyses  were  always  started  as  quickly  as  possible,  the  urease 
being  added  usually  within  40  minutes  after  the  death  of  the  ani- 
mal. In  order  to  observe  whether  any  changes  which  would 
^ect  the  figures  for  urea  and  ammonia  did  take  place  within  the 
£rst  few  hoiu*s,  I  have,  in  a  number  of  experiments,  allowed  the 
muscle  to  stand  for  a  period  of  about  4  hours  at  room  tempera- 
ture (24-30®C.)  and  then  carried  out  other  analyses.  The  re- 
sults show  that  there  alwa3rs  occurs  a  slight  increase  in  am- 
monia but  do  not  allow  any  conclusion  to  be  drawn  with  respect 
to  the  urea  content  except  that  its  changes  are  inconsiderable. 

The  results  published  in  this  paper  are  believed  to  show  that  the 
determination  of  urea  and  ammonia  in  small  samples  of  muscle  can 
1)6  carried  out  quickly  and  acciu-ately  by  the  method  described. 


THE  CHTICASE  OF  SOLANXTM  ELAEAGNIFOLnTM. 

a  preliminabt  note. 

By  a.  BODANSKY. 

C-fVom  the  Department  of  Physiology  and  Biochemistry,  Medical  College, 

Cornell  University,  Ithaca.) 

(Received  for  publication,  July  27,  1916.) 

In  the  fall  of  1915  the  writer's  attention  was  called  to  the  use 
\)j  the  Mexicans  of  New  Mexico  and  Arizona  of  the  berry  of 
a  certain  weed  as  a  substitute  for  rennet  in  the  coagulation  of 
milk.  The  plant  was  identified  by  Professor  K.  M.  Wiegand, 
of  the  Department  of  Botany  of  the  New  York  State  College  of 
Agriculture,  as  Solanum  elaeagnifolium  Cav.^  The  widespread 
occurrence  of  vegetable  ch3rmases'  suggested  the  presence  of  a 
chymase  in  the  berry  of  tbiis  plant,  and  the  writer  undertook  to 
test  the  supposition.' 

The  entire  berry  of  Solanum  elaeagnifolium  was  used.  It 
was  collected  in  the  late  fall  and  was  air-dry  when  received  at 
the  laboratory.  After  a  few  preliminary  tests  of  the  powdered 
berry  and  of  its  aqueous  extract,  which  gave  positive  results, 
a  more  stable  soUd  preparation  was  made  as  follows. 

The  berries  were  ground  and  the  coarse  powder  obtained  was 
extracted  by  percolation  with  a  5  per  cent  sodium  chloride  solu- 
tion, containing  a  few  drops  of  the  essential  oil  of  mustard,  at  a 
temperature  of  5-10°C.,  after  preliminary  maceration  for  24 

*  Wooton,  E.  O.,  and  Standley,  F.  C,  Contrib.  U.  S.  Nal,  Herbarium, 
1915.  xix,  573. 

*  Gerber,  C,  Compt.  rend.  Acad..  1907-1913,  and  Compt.  rend.  Soc.  bioL, 
1907-1913;  a  summary  of  the  investigations  of  vegetable  chymases  is  con- 
tained in  J.  Effront's  Les  Catalyseurs  biochimiques  dans  la  vie  et  dans 
I'industrie,  Paris,  1914,  pp.  89  ff. 

*  The  writer  is  indebted  to  Mr.  L.  E.  Freudenthal,  of  Solomonville,  Aris., 
for  the  information  which  suggested  the  present  work.  Ths  supply  of  tha 
plant  used  in  the  preliminary  experiments  was  obtained  through  the  cour* 
tesy  of  Mr.  Ph.  Freudenthal. 
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hours  at  the  same  temperature.  The  liquid  extract  was  clear, 
the  first  portions  being  brownish  green  in  color,  and  the  subse- 
quent portions  yellow.  This  extract  was  poured  into  thirty 
volumes  of  acetone,  with  constant  shaking.  The  precipitate 
settled  rapidly,  leaving  a  clear  supernatant  liquid.  The  pre- 
cipitate was  transferred  to  a  Buchner  filter,  sucked  dry,  then 
dried  in  vacrw  over  sulfuric  acid.  The  powder  obtained  went 
easily  into  solution  in  water.* 

In  order  to  obtain  comparable  results  in  tests  of  the  enzyme 
preparation,  a  milk  of  uniform  composition  was  required.  An 
artificial  milk,  similar  to  the  one  used  by  Blum  and  Fuld  for 
testing  gastric  juice,*  was  prepared  by  mixing  one  part  of  powdered 
skinuned  milk  (Merrell-Soule)  with  -nine  parts  of  water,  filter, 
ihg  the  mixtiu-e  through  a  thin  layer  of  cotton,  heating  it  to  80®C.- 
cooling  in  running  water,  and  adding  calcimn  chloride.  In  the 
earlier  tests  0.5  cc.  of  a  20  per  cent  solution  of  calcium  chloride 
was  added  to  100  cc.  of  artificial  milk.  The  milk  so  prepared 
doagiilated  after  a  few  minutes'  boiling  without  the  addition  of 
enzyme,  and  was  unsatisfactory  for  tests  above  55°C.  Satis- 
factory results  were  obtained  by  the  use  of  0.2  cc.  of  the  20  per 
cent  calcium  chloride  solution  in  100  cc.  of  artificial  milk.' 
:  The  properties  of  the  chymase  of  Solarium  elaeagnifolium 
agreed,  in  general,  with  the  properties  of  vegetable  chymases 
described  by  Gerber.^  It  coagulated  boiled  natural  milk  with- 
out addition  of  calcium  chloride.  It  proved  more  resistant  to 
heat  than  animal  rennin  and  obeyed  the  law  of  Segelcke-Storch 
within  the  lower  range  of  temperature  (up  to  about  55°C.). 

*  The  method  of  extraction  was  essentially  the  same  as  that  employed 
by  Gerber  (Compt.  reiid.  Soc.  bioL,  1909,  Ixvi,  890).  The  use  of  acetone 
to  precipitate  the  mixture  containing  the  enzyme  is  an  adaptation  of  the 
method  of  D.  D.  Van  Slyke  and  G.  E.  CuUen  (/.  BioL  Chem.,  1914,  xix, 
211)  for  the  preparation  of  urease. 

*  Blum,  L.,  and  Fuld,  E.,  BerL  klin.  Woch.,  1905,  xliv,  105,  quoted  by 
J.  Effront  (the  original  publication  was  not  available). 

*  Blum  and  Fuld  recommended  the  addition  of  2  cc.  of  20  per  cent  cal- 
eium  chloride  solution  to  98  cc.  of  artificial  milk.  J.  Wohlgemuth  (Grund- 
riss  der  Fcrmentmcthoden,  Berlin,  1913,  p.  164),  recommends  the  addi- 
tion of  0.5  cc.  of  20  per  cent  calcium  chloride  solution  to  100  cc.  of  arti- 
ficial milk.  Gerber  (Compt.  rend.  Soc.  biol.f  1909,  Ixvi,  891)  used  boiled 
natural  milk  sensitised  by  the  addition  of  10  mg.  molecules  (1.11  gm.) 
of  calcium  chloride  to  the  liter,  performing  his  tests  at  55^. 
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tests  conducted  between  37  and  55^C.  the  time  of  coagulation 
ras  inversely  proportional  to  the  quantity  of  the  enzyme,  other 
<^onditions  being  constant.  Increase  of  temperature  had  the 
effect  of  increasing  the  rapidity  of  coagulation,  but  it  also  inac- 
t^ivated  the  enzyme.  The  optimum  temperature  was  about 
84^C.,  in  a  dilution  of  one  part  of  the  solid  enz3rme  preparation 
-t^o  20,000  parts  of  milk^  coagulation  taking  place  in  about  1 
xninute.  In  a  dilution  of  1 :  100,000  coagulation  occurred  in 
XO  minutes,  the  enz3rme  being  obviously  inactivated  in  the  higher 
^dilution  by  the  longer  exposure  to  heat. 

Preliminary  tests  failed  to  discover  any  pronoimced  peptic 
or  tryptic  action  of  the  extract.  However,  further  tests  will  be 
necessary  to  justify  a  definite  conclusion. 

Work  is  in  progress  to  determine  the  presence  in  Solanum 
^laeagnifolium  of  other  enzymes  than  ch3miase,  the  distribution 
of  the  enzymes  in  the  plant,  the  relative  abimdance  and  activity 
of  the  enzymes  at  various  stages  of  growth,  and  the  influence 
of  various  factors  upon  their  action.    The  use  of  the  berry  by 
t.he  Mexicans  and  the  reported  local  use  of  Galium  verum  by  cheese- 
makers  of  the  West  of  England  and  of  Pinguiada  vulgaris  by 
tliose  of  the  Italian  Alps^  suggest  the  possibility  of  adapting 
thB  enzyme  preparation  of  Solanum  elaeagnifolium  to  the  use 
bjr  cheesemakers  as  a  substitute  for  rennet  extract.    To  investi- 
gSLtje  this  possibility  is  one  of  the  objects  of  the  work  outlined 
alxDve. 

TIhe  writer  wishes  to  express  his  obligation  to  Professor  J.  B. 
Si:a.xnner,  in  whose  laboratory  this  work  was  carried  out,  for  his 
b^tlpful  suggestions  and  advice. 

^  Green,  J.  R.,  Arm.  Bot.,  1893,  vii,  112. 
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{From  the  LaborcUaries  of  Bioloffical  Chemistry  of  the  Harvard  Medical 

School f  Boston,) 

(Received  for  publication,  August  9,  1916.) 

In  the  course  of  a  study  of  the  lipoids  of  human  blood  in  nor- 
^K3[ial  and  pathological  conditions^  it  was  found  in  almost  all  cases 
^that  cholesterol  maintains  a  strikingly  constant  relation  to  the 
tx>tal  fatty  acids  and  to  lecithin.    Even  in  severe  diabetic  lipemia' 
'^here  the  amount  of  Upoids  was  many  times  the  normal  the  re- 
lationship between  cholesterol  and  the  total  fatty  acids  remained 
constant.    The  inference  seemed  justified  that  cholesterol  takes 
wlh  important  part  in  fat  metabolism.    The  most  obvious  way 
in  which  it  would  participate  in  fat  metabolism  is  by  its  fatty 
sudd  esters  which  are  always  present  in  the  blood  and  in  most 
tissues,  so  that  a  knowledge  of  the  balance  between  cholesterol 
and  its  esters  in  blood  would  be  of  great  value  in  the  study  of 
this  function.    Such  knowledge  would  also  be  of  value  in  the 
study  of  other  functions  of  cholesterol  as,  for  example,  the  part 
which  it  plays  as  an  antihemol3rtic'  where  the  protective  power 
depends  on  the  amount  of  free  cholesterol  present..    A  method 
was  sought  which  would  permit  the  separate  determination  of 
cholesterol  and  its  esters  in  small  amounts  of  blood.    The  only 
successful  means  at  present  known  for  the  separation  of  cholesterol 
from  its  esters  is  the  precipitation  of  the  cholesterol  by  digitonin 
as  worked  out  by  Windaus*  and  the  following  method  is  an  adap- 
tation of  the  digitonin  precipitation  to  small  amounts  of  material. 
It  consists  in  (a)  the  determination  of  total  cholesterol  in  an  aU- 
Quot  portion  of  an  alcohol-ether  extract  of  blood  and  (b)  the 

>  Bloor,  W.  R.,  /.  Biol.  Chem.,  1916,  xxv,  577. 

*  Bloor,  /.  Biol,  Chem.,  1916,  xxvi,  417. 

'  Ransom,  F.,  DetUsch,  med,  Woch,^  1901,  xxvii,  194. 

*  Windaus,  A.,  Z.  physiol.  Chem.,  1910,  Ixv,  110. 
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determination  of  cholesterol  esters  in  another  aliquot  after  pre- 
cipitation of  the  free  cholesterol  by  digitonin.  The  diflference 
between  the  two  values  represents  free  cholesterol. 

The  procedure  is  as  follows: 

1.  Preparation  of  the  Sample. — ^An  alcohol-ether  extract  of  3 
cc.  of  whole  blood,  plasma,  or  serum  is  made  as  described  in 
the  method  for  cholesterol  already  reported.* 

^.  Determination  of  Total  Cholesterol. — ^This  is  made  with  an 
aliquot  portion  (generally  10  cc.)  of  the  alcohol-ether  extract 
according  to  the  above  method.* 

3,  Precipitation  of  Free  Cholesterol  and  Determination  of  the 
Cholesterol  Esters. — 20  cc.  of  the  alcohol-ether  extract  (or  suflS- 
cient  to  contain  about  0.5  mg.  of  combined  cholesterol)  are  meas- 
ured into  a  small  flat-bottomed  Erlenmeyer  flask  (50  cc.)  and 
1  cc.  of  1  per  cent  alcohoUc  solution  of  digitonin  is  added.  The 
whole  solution  is  then  evaporated  just  to  dryness  on  the  water 
bath  or  electric  stove.  The  digitonin  combines  with  the  free 
cholesterol  forming  digitonin  cholesteride  while  the  cholesterol 
present  as  ester  is  not  affected.  The  dried  residue  in  the  flask 
is  then  extracted  by  boiling  out  with  successive  small  amounts  of 
petroleum  ether  (boiling  below  60°C.),  filtering  the  extract 
through  a  plug  of  fat-free  cotton  in  the  stem  of  a  small  funnel. 

In  order  to  get  a  complete  extraction  with  a  small  amount  of 
solvent  15  cc.  of  the  petroleum  ether  are  first  added,  the  flask 
is  covered  with  a  small  watch  glass  (to  prevent  too  rapid  evapora- 
tion), and  the  whole  boiled  gently  until  about  half  the  liquid  is 
gone.  The  succeeding  extractions  are  made  in  a  similar  manner 
with  7  to  8  cc.  of  petroleum  ether.  The  petroleum  ether  dissolves 
the  cholesterol  esters  but  does  not  dissolve  the  digitonin  precipi- 
tate. The  combined  extracts  containing  the  cholesterol  esters 
are  then  evaporated  just  to  dryness,  and  the  esters  taken  up  with 
chloroform  as  in  the  method  for  total  cholesterol.*  The  chloro- 
form extracts,  together  slightly  less  than  5  cc,  are  collected  in  a 
10  cc.  glass-stoppered  cylinder  (previously  calibrated),  cooled, 
and  made  up  to  5  cc.  5  cc.  of  a  standard  cholesterol  solution 
in  chloroform  (containing  0.5  mg.)  are  measured  into  a  similar 
10  cc.  cylinder.  To  each  solution  are  added  2  cc.  of  acetic  an- 
hydride and  0.1  cc.  of  concentrated  sulfuric  acid,  the  cylinders 

*  Bloor,  J.  Biol  Chan.,  1916,  xxiv,  227. 
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stoppered,  and  the  solutions  mixed  by  inverting  several  times. 

T!hey  are  then  set  away  in  the  dark  for  15  minutes  after  which 
they  are  transferred  to  the  cups  of  the  colorimeter  and  the  read- 
ings made  as  usual,  setting  the  standard  at  15  nmi.  Artificial 
light  (a  100  watt  nitrogen-fiUed  Tungsten  Ught  and"dayUght" 
glAss)  was  used  throughout  these  determinations. 

DISCUSSION  AND  RESULTS. 

In  working  out  the  method  for  use  the  following  points  re- 
qixired  to  be  determined. 

cz.  Whether  digitonin  as  used  in  the  method  gives  a  sufficiently 

complete  precipitation  of  the  cholesterol  so  that  it  could  be  used 

the  separation  of  the  minute  quantities  of  cholesterol  involved 

tJie  determination. 

fe-  Whether  the  solvent  used  dissolved  the  cholesterol  esters 

'^^tJiout  dissolving  any  measurable  quantity  of  the  precipitated 

^U^tonin  cholesteride,  or  dissolving  any  other  substance  which 

"^ould  interfere  with  the  determination. 

c  Whether  cholesterol  esters  give  quantitative  values  for  the 
cholesterol  which  they  contain.  Although  it  has  been  claimed* 
^h^^t  such  was  the  case  it  seemed  desirable  to  test  the  point 
fui-ther. 

'Xests  were  made  as  follows: 

C 1)  Portions  of  0.5  to  1.5  mg.  of  cholesterol  in  alcohol  ether  were  treated 
^^"^Ii  digitonin  according  to  the  directions,  the  residue  extracted,  and  ex- 
f^^Vined  for  cholesterol  by  the  colorimetric  procedure.    No  color  was  found 

'^       amy  case  so  that  the  treatment  was  adequate  for  the  complete  isolation 

®^       iree  cholesterol. 

*irhe  digitonin  cholesteride,  while  insoluble  in  petroleum  ether, 
'^^^j  foimd  to  be  measurably  soluble  in  ether  and  still  more  in 
*^^Joroform. 

(2)  5  cc.  portions  of  a  solution  of  cholesterol  palmitate  containing  1.06 
.  of  the  ester,  equivalent  to  0.66  mg.  of  cholesterol,  gave  (a)  by  the 
thod  for  determination  of  total  cholesterol  0.6SI  and  0.6S7  mg.,  (6;  by 

method  for  determination  of  cholesterol  esters  0.675, 0.6S1,  and  0.681  mg. 

(3)  5  cc.  of  the  cholesterol  palmitate  solution  to  which  was  added  0.5 
C.  of  cholesterol  gave  by  the  ester  method  0.680  and  0.680  mg.  cholesterol. 

*  Autenrieth,  W.,  and  Funk,  A.,  MUnch.  med.  Woch.,  1913,  Ix,  1243. 
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(4)  To  3  cc.  of  extract  of  blood  plasma,  found  by  the  ester  method  to 
contain  0.441  mg.  of  cholesterol  as  ester,  were  added  3  cc.  of  the  cholesterol 
palmitate  solution  containing  0.396  mg.  of  combined  cholesterol.  The 
whole  sample  then  contained  theoretically  0.837  mg.  of  combined  choles- 
terol.   Found :  0.815  mg. 

(5)  To  three  5  cc.  samples  of  plasma  extract  each  containing  0.748  mg. 
of  cholesterol  as  ester  were  added  respectively  0.5,  1.0,  and  1.5  mg.  of 
cholesterol,  and  the  esters  then  determined  as  usual.  The  results  obtained 
were  0.742,  0.754,  and  0.742  mg.,  respectively. 

The  following  separations  made  on  human  plasma  will  show 
the  possibilities  of  the  method. 

TABLE  I. 

Cholesterol  and  Cholesterol  Esters  in  Blood  Plasma  (Mg.  of  Cholesterol 

per  100  Cc.  of  Plasma), 


Sample. 


Diabetes. 


u 


it 


i< 


u 


t( 


Total 
cholesterol. 


538 


t( 


312 


508 


250 


556 


268 


182 


As  ester. 

/245 
\250 

/  108 
\111 

/215 
\218 

/  102 
\  100 

/358 
\362 

/  166 
\  168 

/  116 
\114 


Free. 


293 
288 

204 
201 

293 
290 

148 
150 

198 
194 

102 
100 

66 
68 


Per  oeQt  of  totaL 

54^5 
53.5 


65.4 
64.4 

67.7 
57.1 

59.2 
59.9 

35.6 
34.9 

38.1 
37.3 

36.3 
37.4 


Normal 


180 


n: 


63 


35.0 


(< 


291 


164 


127 


43.6 


it 


it 


196 


203 


117 
123 


79 
80 


40.3 
39.3 
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In  a  well  planned  investigation  recently  published^  Mueller 
questioned  the  correctness  of  the  values  for  cholesterol 
obtained  by  colorimetric  methods.    He  finds  that  while  both 
eolorimetric    and    gravimetric    (precipitation    with    digitonin) 
jmethods  give  the  same  results  with  ordinary  cholesterol  the 
colorimetric  methods  give  higher  results  with  blood.    He  comes 
to   the  conclusion   that  there   are  other  substances,  probably 
however,  closely  related  to  cholesterol,  present  in  blood  which 
give  the  color  reaction  but  which  do  not  precipitate  with  digitonin 
and  that  therefore  the  gravimetric  method  gives  more  accurate 
results.    He  admits,  however,  that  digitonin  may  precipitate 
part  of  these  substances  from  blood  and  that  the  digitonin  pre- 
cipitate so  obtained  is  somewhat  soluble  in  the  ether  used  for 
washing  it  (as  has  been  found  in  the  work  above).    Other  points 
brought  out  in  his  investigation  are  a  corroboration  of  the  findings* 
that  the  alcohol-ether  treatment  as  above  performed  gives  a 
complete  extraction  of  blood  and  that  the  results  for  cholesterol 
from  this  extract  are  higher  than  those  obtained  by  other  colori- 
metric methods. 

The  possibility  that  substances  different  from  ordinary  cho- 

iesterol  but  closely  related  to  it  may  be  present  in  blood  has  of 

course  been  realized,  but  in  view  of  the  lack  of  definite  knowledge 

i^^arding  their  chemical  nature,  their  behavior  with  digitonin 

^nd  the  Liebermann-Burchard  reagent,  or  even  of  their  presence, 

^n    extended  discussion   of  their  influence  on  the   cholesterol 

determination  does  not  seem  advisable. 

If,  as  Mueller  claims,  these  substances  give  the  color  reaction 

V>ut  do  not  precipitate  with  digitonin  (or  to  an  insignificant 

Extent)  the  values  for  cholesterol  esters  obtained  by  the  procedure 

described  above  would  be  relatively  higher,  and  those  for  free 

^cholesterol  relatively  lower,  since  the  error  produced  by  these 

Substances  would  fall  on  the  esters  with  which  they  would  be 

Xncluded  if  they  were  not  precipitated  by  the  digitonin.    As  a 

^natter  of  fact  the  opposite  appears  to  be  the  case,  since,  as  may 

\ye  seen  by  the  values  for  normal  plasma  given  in  the  table,  and 

ms  will  be  shown  more  fully  in  a  later  pubUcation,  the  values  for 

free  cholesterol  are  both  relatively  and  absolutely  higher  than 

» Mueller,  J.  H.,  /.  Biol.  Chem.,  1916,  xxv,  549. 
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those  reported  in  the  literature.*  Either  there  are  no  "other 
substances"  in  blood  plasma  or  they  behave,  when  treated  with 
digitonin,  in  the  same  way  as  ordinary  cholesterol. 

The  colorimetric  methods  are  the  only  ones  which  can  be  used 
with  small  amounts  of  blood  and  which  are  therefore  suitable 
for  use  in  the  extended  study  of  conditions  in  living  animals, 
including  human  beings.  The  procedure  in  these  methods  is 
relatively  simple,  the  time  required  short,  and  the  color  a  satis- 
factory one  to  measure.  They  give,  moreover,  higher  values 
than  the  gravimetric  method.  Until  the  presence  of  these 
''other  substances"  is  definitely  shown  and  their  chemical  nature 
determined,  the  use  of  the  colorimetric  methods  for  the  detenninar 
tion  of  cholesterol  and  its  esters  in  blood  seems  fully  justified. 

•  Mueller,  /.  Biol.  Chem,,  1916,  xxv,  561. 
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STANCE  FROM  SHEEP  PANCREAS. 

By  WALTER  H.  EDDY. 
(From  the  Chemical  Laboratory  of  the  New  York  Hospital,) 

(Received  for  publication,  July  21,  1916.) 

The  following  account  covers  the  preliminary  work  done  to 
establish  the  presence  of  a  vitamine  in  the  water-soluble  portion 
of  the  alcohol  extract  of  sheep  pancreas.  Experiments  are  now 
^  progress  to  establish  more  fully  its  nature  and  properties. 

The  first  attempt  to  demonstrate  the  growth-producing  sub- 
stance fiuled.  The  method  followed  was  that  recommended 
W  Punk,  as  follows: 

l>5O0  gm.  of  sheep  pancreas  were  obtained  from  freshly  killed  sheep, 

DJinced  with  a  meat  chopper,  and  extracted  with  4  liters  of  95  per  cent 

^<^hol  ^to  which  was  added  enough  hydrochloric  acid  to  make  the  alco- 

°^1  about  4  per  cent  HCl) .    The  acid  alcohol  and  pancreas  were  distributed 

'°  mason  jars  and  shaken  for  3  hours  in  the  shaking  machine.    At  the 

CQcl  of  this  period  the  alcohol  extract  was  filtered  off  and  evaporated  nearly 

^  dryness  in  vacuo  at  a  temperature  of  38**C.    The  final  syrup  was  then 

^^^Porated  to  dryness  before  an  electric  fan  at  room  temperature.     (In 

succeeding  evaporations  the  fan  method  was  used,  the  liquid  being 

P^^^ded  in  shallow  dishes  and  fanned  with  a  continuous  stream  of  air  at 

j^^^U   temperature.)    The  residue  was  then  melted  at  50^C.  on  a  water 

^^h  and  taken  up  with  a  liter  of  distilled  water.    This  mixture  was  fil- 

^*"^^  first  on  a  hot  funnel  maintained  at  3S-40°C.    The  filtered  extract 

,  ^^  again  evaporated  to  dr3mess  before  the  fan  and  the  residue  again  ta- 

g^^  Up  with  cold  distilled  water,  and  filtered  at  room  temperature.    This 

1^^^  water  solution  was  next  made  up  to  5  per  cent  sulfuric  acid  strength 

c     ^   precipitated  with  a  50  per  cent  solution  of  phosphotungstic  acid  in 

^^i*  cent  sulfuric.    In  making  this  precipitate  care  was  taken  to  avoid 

^^^%8  of  phosphotungstic  acid.    The  precipitate  was  then  filtered  off  and 

^^hed  thoroughly  with  5  per  cent  sulfuric  acid.    After  washing,   it  was 

^^^"^d  in  a  mortar  with  solid  barium  hydrate.     After  thorough  mixing 

T^^r  was  added  and  the  entire  mixtiue  placed  in  a  mason  jar  and  shaken 

.    ^  3  hours.    At  the  end  of  this  time  the  mixture  was  filtered  and  the  fil- 

^^^  carefully  neutralized  with  sulfuric  acid  to   remove  the  excess  of 

After  again  filtering  to  remove  the   barium  sulfate  the  liquid 
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was  evaporated  before  the  fan  and  the  residue  taken  up  in  absolute  alci 
hoi  to  free  it  of  inorganic  salts.  The  alcohol  solution  was  then  precip 
tated  by  means  of  a  saturated  alcoholic  solution  of  mercuric  chlorid* 
This  precipitate  was  filtered  off,  suspended  in  water,  and  subjected  to 
stream  of  HiS  until  all  the  mercury  was  converted  into  the  sulfide.  T\ 
latter  was  then  removed  and  the  "mercury-free  liquid  treated  with  silvi 
nitrate  to  precipitate  the  purines.  These  purines  were  then  filtered  c 
in  turn  and  the  filtrate  which  contained  an  excess  of  silver  nitrate  wi 
precipitated  with  silver-baryta.  This  last  was  accomplished  by  fin 
determining  the  presence  of  enough  silver  nitrate  to  yield  a  brown  precip 
tate  on  the  addition  of  a  saturated  solution  of  bariimi  hydrate.  Th 
silver  baryta  precipitate  was  washed  thoroughly  to  free  it  of  NOs  ions  an 
then  suspended  in  water  and  the  silver  converted  into  the  sulfide  with  H: 
and  filtered  off.  There  remained  a  solution  which  was  supposed  to  coi 
tain  the  vitamine  more  or  less^contaminated  by  the  presence  of  Ba,  SO 
and  CI  ions.  These  were  carefully  eliminated  by  use  of  sulfuric  acii 
barium  chloride,  carbon  dioxide  gas,  and  neutral  moist  silver  oxide.  Tl 
final  purified  solution  was  then  used  in  the  growth  experiments. 

Using  the  material,  prepared  by  this  method,  the  attempt  wa 
made  to  demonstrate  its  growth-inducing  properties  by  its  ir 
troduction  into  the  basal  diet  of  young  male  white  mice.  Fc 
a  basal  diet  in  these  experiments  and  in  the  successful  exper 
ments  with  rats,  Mendel's  casein  diet  was  used.  Instead,  ho^ 
ever,  of  using  highly  purified  reagents  the  diet  was  made  up  c 
the  following: 

gm. 

Casein  (Merck's  technical) 180 

Starch  (Duryea's  corn  starch) 325 

Granulated  sugar 170 

Agar 50 

Lard  (Armour's) 250 

Salt  mixture 25 

The  salt  mixture  was  composed  as  follows:  gm. 

Ca,(P04)i 10 

K,HP04 37 

NaCl 20 

Na  citrate 15 

Mg       "      8 

Fe       ;*      2 

Ca  lactate 8 

The  ration  was  made  into  a  paste  by  adding  the  melted  lard  to  th 
dry  ingredients  and  working  in  the  agar  after  softening  it  with  distille 
water. 
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The  animals  were  given  distilled  water  to  drink,  each  animal 
allowed  to  eat  all  he  wished,  and  the  average  daily  consump- 
was  noted.    The  reserve  food  was  kept  in  the  ice  chest  until 
no^^^ed  and  made  up  fresh  at  least  once  in  2  weeks.    Fig.  1  indi- 
the  typical  results  obtained  from  the  fifteen  mice  used  in 
experiment. 
TChe  results  of  this  experiment  indicated  clearly  that  the  pan- 
extract  used  contained  no  vitamine,  or  at  least  in  too  small 
c|\i£tntity  to  produce  growth  results.    The  extract  was  given  in 
S  oc  doses  and  contained  0.0021  gm.  of  solid  in  each  5  cc.     Later 

^0 


J^- 


^^    extract  was  concentrated  until  5  cc.  cpntained  0.0123  gm. 

^^   Solid,  without  favorable  results.     It  contained  only  a  trace 

^^  ^trogen. 

^r.  Punk  kindly  checked  the  method  outlined  above  and  from 
.  ^  I'esults  we  were  led  to  beUeve  that  the  failure  to  obtain  the 
^^^^^idne  was  due  either  to  the  loss  of  the  material  in  the  process 

^     Purification  or  to  the  small  amount  of  material  present.     Dr. 
^5^Uc  had  meanwhile  been  able  to  show  that  doses  of  yeast  vita- 

^^^e  entirely  adequate  to  cure  beri-beri  in  pigeons  were  not  of 

Efficient  power  to  produce  growth  in  rats.     I  therefore  decided 

^  Repeat  the  experiments  with  a  larger  supply  of  material  and 

^^eck  the  eflfect  of  the  extract  at  each  step  of  the  purification. 

*^ese  latter  experiments  have  now  progressed  sufficiently  to 
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justify  the  claim  that  pancreas  does  contain  the  vitamine  and 
in  considerable  amount.  The  results  to  date  are  given  in  the 
following  report. 

Demonstration  of  the  Presence  of  Vitamine  in  Sheep  Pancreas. 

Materials  Used. — ^3,620  gm.  of  minced  sheep  pancreas  were 
extracted  with  5,300  cc.  of  95  per  cent  alcohol  of  0.8  per  cent  HCl 
strength.  After  thorough  extraction  the  alcohol  extract  was 
filtered  off  and  evaporated  to  dryness  before  the  fan  at  room 
temperature.  The  residue  was  taken  up  with  distilled  water, 
warmed  to  38°C.,  and  the  mixtiu*e  filtered  at  that  temperature 
on  the  hot  funnel.  After  again  evaporating  this  filtrate  to  dry- 
ness before  the  fan  the  residue  was  taken  up  in  cold  distilled  water 
and  this  mixture  filtered  at  room  temperature.  This  procedure 
resulted  in  a  fat-  and  protein-free  liquid  which  was  made  up  to 
2  liters  volume  with  distilled  water.  This  liquid  was  then  divided 
into  four  equal  portions  of  .500  cc.  each.  These  four  portions 
were  used  to  prepare  the  experimental  diet  solutions  as  follows: 

Part  I. — 500  cc.  of  the  solution  were  kept  in  the  ice  chest  and 
fed  to  rats  as  required. 

Part  II. — 500  cc.  of  the  solution  were  treated  with  25  gm.  of 
Lloyd's  reagent.^  The  reagent  was  shaken  with  the  pancreatic 
extract  and  the  powder  then  filtered  off  and  later  mixed  with  the 
food  of  the  rats.  The  filtrate  was  also  retained  and  used  in  the 
diet  of  other  rats  as  a  control. 

Part  III. — In  accordance  with  the  method  of  Jacobs,*  500  cc. 
of  the  solution  were  made  acid  with  hydrochloric  acid  to  5  pei* 
cent  strength  and  then  precipitated  with  a  solution  of  25  per  cent 
phosphotungstic  acid  in  5  per  cent  HCl.  After  washing  this 
precipitate  with  acid  (5  per  cent  HCl)  it  was  removed  to  a  sepa- 
ratory  funnel  and  into  this  funnel  was  put  one  volume  each  of 
amyl  alcohol,  ether,  and  water,  made  acid  with  HCl.    Shaking  this 

1  Seidell,  A.  {U,  S.  Pub,  Health  Report,  No.  325, 1916),  claims  that  Lloyd's 
reagent — colloidal  hydrous  aluminium  silicate — exerts  a  selective  ad- 
sorption for  vitamine.  His  experiments  were  conducted  with  yeast  vita- 
mine. 

*  Jacobs,  W.  A.,  J.  Biol,  Chem.,  1912;  xii,  429.  See  also  Van  Slyke, 
D.  D.,  ibid.,  1915,  xxii,  283. 
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ixuxture  caused  the  phosphotungstic  acid  portion  of  the  precipi-: 
-feate  to  pass  into  solution  in  the  am3d  alcohol  and  the  rest  of  the 
precipitate  passed  into  solution  in  the  water.  This  water  solu- 
-^on  was  then  filtered  oflF,  carefully  neutralized  with  NaOH, 
Sknd  used  to  feed  certain  rats. 

Part  IV, — ^500  cc.  were  held  in  reserve. 
In  the  feeding  experiments  I  had  then  for  use  the  following 
lutions:  A.  A  filtered  waternsoluble  portion  of  the  alcohol  extract 
I  pancreas.    B.  Lloyd's  reagent  after  shaking  with  the  water- 
luble  portion  of  the  alcohol  extract  of  pancreas  and  supposedly 
^^ntaining  the  adsorbed  vitamine.    C.  Filtrate  from  the  water- 
-soluble portion  of  the  alcohol  extract  after  treatment  with  Lloyd's 
:x~eagent.    D.  The  phosphotungstic  precipitate  of  the  water-sol- 
-■Jible  portion  of  the  alcohol  extract  of  pancreas  held  in  neutral 
^vmter  solution  after  freeing  of  phosphotungstic  acid  with  amyl 
^ftlcohol  according  to  Jacobs'  method.    In  the  following  descrip- 
^ons  these  solutions  will  be  designated  by  the  letters  used.    All 
tUie  liquids  (A,  C,  and  D)  and  the  soUd,  B,  were  kept  in  the  ice 
cJiest  throughout  the  entire  period  of  the  experiment.    This  was 
done  as  a  precaution  and  not  because  of  any  definite  proof  that 
the  substance  deteriorates  at  room  temperature. 

Denumstratian  Methods. — ^For  these  experiments  young  male 
ntts  (white)  were  used,  ranging  from  40  to  90  gm.  in  weight 
at  the  beginning  of  the  experiment.  They  were  kept  in  separate 
cages  and  the  casein  diet  was  used  as  the  basal  food.  In  order 
to  make  sure  that  the  casein  was  vitamine-free,  aU  that  was  used 
in  the  food  of  the  rats  was  first  boiled  for  several  hours  in  95  per 
cent  alcohol.  The  food  was  placed  in  feeding  boxes  so  arranged 
*8  to  prevent  contamination  by  feces.  Distilled  water  was  given 
w  drinking  piurposes.  Twelve  rats  were  used  in  the  feeding 
®^Periments.  Four  were  maintained  on  a  mixed  diet  of  bread, 
°^*lk,  carrots,  cabbage,  etc.,  to  determine  normal  growth.  Three 
®^  these  are  plotted  in  Fig.  2  (Rats  6,  7,  and  12).  One  of  the 
lour  developed  scurvy  and  his  curve  is  not  included. 

Itats  1  and  2  were  fed  the  casein  diet  for  a  period  of  16  days. 

*^  this  time  they  steadily  declined  in  weight,  as  shown  by  the 

^^^vy  line.     (The  dotted  line   shows  the  average  food  intake 

P^^  day.)    On  the  16th  day  the  casein  diet  was  mixed  with  16  cc. 

^  the  water-soluble  pancreatic   extract   A.    At  each  succeed- 
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ing  weighing  period  new  food  was  given  mixed  with  10  cc. 
of  the  extract.     The  upward  rise  in  the  weight  curve  was  ii 
diate  and  was  steadily  maintained  throughout  the  entire  e: 
mental  period  of  23  days  following  the  first  dose.    These  r 
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indicated  clearly  the  power  of  the  extract  to  induce  growth  and 
aIso  to  develop  increase  in  daily  food  consumption. 

As  in  the  case  of  Rats  1  and  2,  the  diet  of  Rat  3  was  of  the  casein 


^ 

as?/7 

^ie. 

■/?/>/ 

"^ 

/ 

/ 

J\J 

1 

A, 

\ 

J 

r 

■ 

A 

/ 

r- 

J 

-1   r 

r— 

>-<  i 

h 

I 

LJ 

LJ 

'  -^ 

T 


^ 


o    ^    /o   /5   ^o  £s  JO  J5    'yav3.se? 


****3rture  for  16  days  with  bare  tnaint«nance  of  weight  for  that 
^*'*»'iod.  On  the  16th  day  the  water-soluble  extract  A  was  added 
^^d  the  correspondiDg  rise  in  weight  occurred.     On  the  25th 
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day  the  rat  was  put  back  on  the  casein  diet  and  in  the  next 
da3rs  declined  6  gm.  in  weight,  showing  that  the  presence  of  tl 
extract  was  necessary  to  maintain  growth.    On  the  32nd  di 
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this  rat  was  given  a  dosage  of  10  cc.  of  the  phosphotungs 
precipitate  D.  The  animal  inmiediately  began  to  gain  weij 
and  continued  to  do  so  to  the  end  of  the  experiment  on  the  3£ 
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day.     This   experiment  demonstrated  th&t  the  growth-produc- 
xog  power  of  the  water  extract  was  not  logt  in  the  first  .separation 
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Rats  4  and  5  were  given  IS  days  of  casein  diet  with  mainte- 
nance or  decline.  On  the  18th  day  12  gm.  of  Lloyd's  reagent, 
B,  were  added  to  the  diet.    At  each  succeeding  period  5  to  6  gm. 
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were  added.  In  the  10  days  of  this  treatment  the  rats  showt 
an  increase  in  weight,  demonstrating  the  power  of  this  8u1 
stance  to  adsorb  the  vitamine  and  confirming  Seidell's'  concli 
sions.     (Further  confirmation  of  this  point  was  given  by  Rat  9 
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On  the  28th  day  these  rats  were  returned  to  the  casein  diet  ai 
it  was  interesting  to  note  that  Lloyd's  reagent  was  found 
persist  in  its  stimulating  effects  for  some  3  or  4  days  after  i 
feeding  had  stopped.  At  the  end  of  6  days  the  rats  had  begi 
to  decline.     Both  of  these  rats  were  made  to  resume  their  u 
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'^vard  rise  in  weight  by  the  addition  of  10  cc.  doses  of  the  phos- 
I)botungstic  precipitate  D  to  the  diets  on  the  32nd  and  34th  days 
respectively,  further  confimiing  the  results  with  Rat  3. 

Rat  9  was  fed  casein  diet  for  23  days  with  a  marked  decline 
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in  weight.  On  the  23rd  day  a  dosage  of  the  filtrate  C  from 
Uoyd's  reagent  was  begun  (10  cc.  amounts  at  each  weighing 
iwriod).  This  failed  to  do  more  than  produce  a  lessening  in 
the  decline  of  the  curve,  indicating  that  the  Lloyd  reagent  removes 
at  least  the  greater  part  of  the  vitamine.  At  the  end  of  8  days 
of  this  diet  the  rat  was  given  1  day's  ration  of  casein  food  alone 
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and  then  a  dosage  of  the  phosphotungstic  precipitate  was  be 
gun  (D).    Recovejy  and  increase  were  immediate. 

Rat  10  was  fed  casein  diet  for  32  days  with  a  decrease  in  weigb 
of  some  30  gm.    In  spite  of  this  long  period  of  decline  the  feed 
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ing  of  the  phosphotungstic  precipitate  D  on  the  32nd  day  broug 
about  immediate  rise  in  weight  which  was  maintained. 

At  the  end  of  the  charted  period  the  rats  were  all  in  good  co 
dition  except  the  one  control  rat  mentioned  that  showed  incipie 
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scurvy.    None  of  the  extract-fed  rats  showed  any  signs  of  scurvy 
or  of  other  dietary  diseases. 


GENERAL   CONCLUSIONS. 


The  results  of  the  rat  experiments  seemed  to  prove  conclu- 
sively that  the  water-soluble  portion  of  the  alcoholic  extract  of 
pELiicreas  contains  a  substance  that  is  capable  of  inducing  marked 
increase  in  growth.    This  substance  is  removed  from  the  extract 
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lOut  loss  of  power  by  treatment  with  Lloyd's  reagent.     It  is 

^lao  precipitated  in  the  phosphotungstic  precipitate  of  the  ex- 

^*act.    It  is  not  a  protein  or  fatty  substance.    It  occurred  to 

^e  that  the  results  might  indicate  not  a  vitamine  but  a  happy 
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combination  of  amino-acids.  To  determine  this  point  I  secured 
amino  nitrogen  determinations  on  solutions  A,  C,  and  I>.  These 
solutions  were  analyzed  by  Dr.  J.  C.  Bock  of  Cornell  Medical 
College,  to  whom  they  were  given  as  lettered  samples.  The  re- 
sults of  the  analyses  were  as  follows: 

Solution  A  contained  4.839  mg.  of  amino  N  per  cc. 
«        C  "         4.854     "    "        "      "    "      " 

"        D  "         1.370    "    "        "      "    "      " 

Solution  C  was  the  solution  from  which  the  vitamine  wa.s 
removed  with  Lloyd's  reagent  and  had  practically  no  growth- 
stimulating  power.  The  result  of  the  above  analysis  indicates 
that  the  Lloyd  powder  removed  none  of  the  amino-acids,  yet 
did  remove  the  growth  stimulus.  The  fact  that  the  phospho- 
timgstic  solution  D  contained  much  less  amino-acid  and  yet 
was  powerful  in  a  growth  stimulation  also  tends  to  make  the  con- 
clusion stronger  that  we  were  dealing  with  something  other  than 
amino-acid  stimulus. 

In  conclusion  I  wish  to  acknowledge  my  indebtedness  to  Dr. 
Nellis  B.  Foster,  to  Dr.  Wm.  J.  Elser,  and  to  Dr.  Stillman  for 
the  facilities  given  me  at  the  New  York  Hospital,  to  Dr.  Casimir 
Fimk  for  his  suggestion  and  criticism  throughout  the  research, 
and  to  Dr.  J.  C.  Bock  for  his  assistance  in  the  matter  of  the  amino- 
acid  determinations. 


STUDIES  IN  CREATINE  METABOLISM.* 

L  POSSIBLE  INTERRELATIONS  BETWEEN  ACIDOSIS  AND 

CREATINE  ELIMINATION. 

By  frank  p.  UNDERHILL. 

(Pram  the  Sheffield  Laboratory  of  Physiological  Chemistry,  Yale  University ^ 

New  Haven,) 

(Received  for  publication,  July  31,  1916.) 

Current  views*  associate  the  elimination  of  creatine  with  some 
perversion  of  carbohydrate  metabolism.    The  probability  of  a 
close  relationship  of  this  sort  is  indicated  by  the  well  known  fact 
that  a  deficiency  of  carbohydrate  in  the  body,  as  in  starvation, 
leads  to  creatine  elimination  which  may  be  checked  promptly 
by  ingestion  of  carbohydrate.     Depletion  of  the  body  of  carbo- 
hydrate may  also  be  accomplished  through  the  action  of  various 
toxic  substances  like  phlorhizin,  phosphorus,  hydrazine,  etc.,  or 
through  disease  as  in  diabetes.     In  each  of  the  enumerated  in- 
stances   of   carbohydrate    deficiency,    creatine    appears    in  the 
urine.     There  are,  however,  experimental  facts  which  the  familiar 
hypothesis  fails  to  explain.     McCoUum  and  Steenbock*  found 
that  in  the  pig  a  diet  of  com  products,  among  others,  led  to  the 
appearance  of  relatively  large  quantities  of  creatine  in  the  urine. 
The  authors  point  out  that  the  ''character  of  the  proteins  in  the 
diet  appears  to  determine  whether  a  large  or  a  small  creatine 
production  takes  place  in  the  tissues.    These  observations  leave 
little  doubt  that  creatine  may  come  from  exogenous  as  well 

*  The  results  of  this  investigation  were  reported  to  the  Society  for 
Experimental  Biology  and  Medicine,  March  15,  1916.  See  Proc.  Soc. 
Exp.  Biol,  and  Med.,  1916,  xiii,  113. 

^  Recent  literature  concerning  creatine  may  be  found  in  the  papers 
of  Mendel,  L.  B.,  and  Rose,  W.  C,  /.  Biol.  Chem.,  1911-12,  x,  213;  Ries- 
•er,  O.,  Z.  physiol.  Chem.,  1913,  Ixxxvi,  415;  Myers,  V.  C,  and  Fine,  M.  S., 
J.  Biol.  Chem.,  1913,  xiv,  9;  1913,  xv,  283,  285;  1913-14,  xvi,  169;  1915,  xxi, 
377,  383,  389.    Benedict,  S.  R.,  and  Osterberg,  E.,  ibid.,  1914,  xviii,  195. 

« McCoUum,  E.  V.,  and  Steenbock,  H..  /.  Biol.  Chem,,  1912-13,  xiii,  209. 
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as  endogenous  protein  metabolism."  Somewhat  similar  experi- 
ments of  Folin'  with  oat  feeding  yielded  comparable  results. 
The  dietaries  employed,  especially  those  of  McCoUum  and  Steen- 
bock,  cannot  be  regarded  as  lacking  in  carbohydrate,  for  in  the 
creatine-producing  diet  was  included  a  significant  quantity  of 
added  starch. 

Deficiency  of  carbohydrate  usually  means  an  accompanying 
acidosis,  not  necessarily  caused  by  ketogenic  substances,  which 
presumably  involves  the  tissues  associated  with  creatine-creatinine 
metabolism.  At  any  rate  nearly  every  instance  in  which  there 
is  creatine  in  the  urine  is  accompanied  by  an  acidosis — gener- 
ally a  ketonuria  also.  The  term  acidosis  in  the  sense  used  here 
means  a  disturbance  in  the  acid-base  equilibrium  in  the  body, 
whereby  the  excessive  production  of  acid  or  introduction  of  sub- 
stances forming  an  acid  ash  causes  the  withdrawal  of  base  from 
the  body.  In  man  it  is  probable  that  in  general  the  body  neutral- 
izes such  acid  with  ammonia,  the  neutralization  of  acid  with 
other  bases  never  having  been  demonstrated.  Camivoraim- 
doubtedly  neutralize  acids  in  a  similar  manner.  With  the  rab- 
bit, however,  the  neutralization  of  acid  may  not  necessarily 
be  performed  by  ammonia,  for  in  experimental  acid  poisoning 
in  these  animals  there  is  not  a  close  relationship  between  the 
output  of  anmionia  and  the  introduction  of  acid,  but  the  other 
bases  as  sodium,  potassium,  calcium,  and  magnesium,  are  much 
increased  in  the  urine.  With  the  dog,  on  the  other  hand,  such 
a  relationship  obtains  and  the  other  alkali  bases  are  relatively 
little  increased.  The  older  explanation  of  these  facts  was  to 
the  effect  that  the  herbivorous  animal  ingested  too  little  protein 
material  to  furnish  suflScient  ammonia'  for  neutralization  pur- 
poses. Another  possible  viewpoint  is  that  owing  to  the  general 
character  of  the  diet  consumed  by  the  herbivora  a  great  excess 
of  base  is  introduced  into  the  body,  as  indicated  by  the  general 
alkalinity  of  the  urine  of  herbivora,  which  may  be  readily  avail- 
able for  neutralization  purposes  under  ordinary  conditions. 
The  store  of  such  available  base  must  be  somewhat  limited, 
however,  since  the  great  susceptibility  of  the  rabbit  to  acid  is 
well  known.     In  view  of  this  fact  it  would  seem  that  in  questions 

*  Reported  at  the  meeting  of  the  American  Society  of  Biological  Chem- 
ists, December,  1915. 


F.  P.  Underhill  129 

ivolving  the  influence  of  acid  upon  varying  phases  of  metabolic 
jtivity  the  rabbit  would  serve  as  an  ideal  experimental  animal, 
mch  more  so  than  the  dog,  which  is  very  resistant  to  acid  in- 
roduction. 

The  fact  that  in  nearly  every  instance  in  which  creatine  ap- 
in  the  urine  there  is  an  accompan3dng  acidosis  suggests 
"•he  hypothesis  that  a  condition  of  acidosis  in  the  body  is  re- 
jBponsible  for  the  appearance  of  creatine  in  the  urine.    To  test  it 
^he  following  questions  demand  an  answer.     1.  If  acidosis  is 
induced,  will  creatine  appear  in  the  urine,  even  in  the  presence 
of  an  adequate  carbohydrate  supply?    2.  Will  the  elimination 
of  creatine  disappear  if  the  acidosis  is  abolished,  quite  independ- 
ently of  the  factor  of  carbohydrate  supply? 

In  the  present  paper  a  condition  of  acidosis  was  considered 
indicated  when  the  urine  of  the  rabbit  became  strongly  acid, 
-as  shown  by  determination  of  the  hydrogen  ion  concentration, 
employing  sodium  alizarine  sulfonate  as  the  indicator.^  In  the 
sense  of  the  term  acidosis  as  used  here,  that  is,  a  condition  of 
^IkaU  depletion,  the  assumption  given  above  is  undoubtedly 
correct  since  ordinarily  the  rabbit  secretes  urine  which  is  strongly 
alkaline. 

The  general  plan  of  the  investigation  was  as  follows:  Rabbits 
were  fed  upon  diets  containing  adequate  carbohydrate  supply 
btxt  of  such  a  nature  that  one  diet  would  yield  a  pronounced  acid 
ajab,  another  a  distinctly  basic  ash,  and  finally  the  third  type  of 
diet  consisted  of  a  mixture  of  the  other  two.    The  acid-produc- 
^^^^  foods  were  whole  oats  and  cracked  corn,  the  mixture  being 
dosignated  the  "grain  diet."    Fresh  carrots  constituted  the  base- 
producing  food,  designated  "carrot  diet."    A  dietary  contain- 
^^^  oats,  com,  and  carrots  is  called  the  "mixed  diet." 

The  results  obtained  are  to  be  found  in  Tables  I  to  VI. 
^  Pon  a  diet  of  oats  and  corn  containing  an  adequate  supply 
^*    o^rbohydrate,   creatine^  promptly  appears  in   the  urine.     A 

,^^  Henderson,  L.  J.,  and  Palmer,  W.  W.,  J.  Biol.  Chem.,  1912-13,  xiii,  393. 
^^  presence  of  phosphates  in  the  alkaline  urines  interfered  with  accur- 
.       cleterminations  of  the  hydrogen  ion  concentration;  hence  the  figures 

■^^^ii  for  the  alkaline  urines  are  only  approximations. 

24  hour  specimens  of  urine  were  obtained  by  compression  of  the  blad- 
^^     through  the  abdominal  wall.    Creatinine  was  estimated  according 
^  'the  method  of  Folin  and  creatine  by  the  procedure  of   Benedict  and 
^'^y^rs. 

• 
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markedly  increased  hydrogen  ion  concentration  of  the  urine  is 
alwa3rs  associated  with  this  phenomenon.  The  presence  of  crea- 
tine in  the  urine  is  just  as  easily  manifested  upon  a  grain  diet 
whether  the  latter  is  given  to  animals  fresh  from  stock  or  after 
a  relatively  prolonged  period  in  which  the  base-producing  foods 
have  predominated.  Upon  the  grain  diet  the  urine  of  the  two 
rabbits  tested,  Tables  VI  and  VII,  acquired  distinct  tests  for  pro- 
tein. The  condition  of  albuminuria  persisted  throughout  the 
period  of  observation.  It  is  of  considerable  significance  in  the 
etiology  of  nephritis  that  protein  may  appear  in  the  urine  as  a 
result  of  a  change  in  the  character  of  the  diet. 

Upon  a  carrot  diet  urinary  creatine  rapidly  disappears  as  the 
urine  becomes  alkaline;  or  if  creatine  was  originally  absent  from 
the  urine  it  remains  so. 

Under  the  conditions  outlined  above  the  facts  with  regard 
to  creatine  elimination  may  be  interpreted  in  two  ways,  first, 
the  appearance  of  creatine  in  the  urine  on  the  grain  diet  and  its 
disappearance  on  the  carrot  diet  may  be  ascribed  to  the  charac- 
ter of  the  proteins  constituting  the  dietaries,  or  second,  the  phe- 
nomenon under  discussion  may  be  explained  on  the  basis  of  the 
acid-base-producing  potentialities  of  the  dietaries.  To  deter- 
mine the  responsible  factor  animals  were  fed  upon  the  "mixed 
diet''  constituted  by  a  mixture  of  the  two  types  of  dietaries. 
From  the  tables  it  is  obvious  that  the  protein  per  se  in  the  diet 
is  without  special  significance  for  upon  the  mixed  diet  creatine 
fails  to  appear  in  the  urine  and  the  reaction  of  the  latter  remains 
alkaline.  The  acid-producing  power  of  the  grain  diet  must 
therefore  be  considered  as  the  potent  factor  in  the  production 
of  creatinuria  under  the  experimental  conditions.  To  demon- 
strate still  further  the  validity  of  this  inference  rabbits,  main- 
tained upon  a  "mixed  diet,"  hence  consequently  without  creati- 
nuria and  with  alkaline  urines,  were  given  relatively  small  doses 
of  hydrochloric  acid  by  means  of  the  stomach  sound  twice  daily. 
ThLs  addition  of  hydrochloric  acid  to  the  "mixed  diet"  without 
change  of  proteins  causes  the  appearance  in  the  urine  of  signifi- 
cant quantities  of  creatine.  Simultaneously  the  hydrogen  ion 
concentration  of  the  urine  is  markedly  increased. 

The  facts  enumerated  above  also  confirm  the  findings  of  Mc- 
CoUum  and  Steenbock  that  creatine  may  appear  in  the  urine 
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even  when  adequate  carbohydrate  is  supplied;  and  they  lead  to 
the  conclusion  that  creatinuria  is  not  necessarily  related  to  carbo- 
hydrate deficiency  in  the  body.  It  would  appear  to  be  associated 
with  a  condition  of  acidosis  which  may  and  usually  does  accom- 
pany those  states  of  metabolism  in  which  carbohydrate  deficiency 
is  especially  noticeable. 

In  general,  the  figures  for  creatinine  are  fairly  constant  for 
each  individual  animal,  but  an  inspection  of  the  tables  will  show 
that  there  is  on  the  average  a  decided  tendency  for  creatinine 
to  be  increased  on  the  carrot  diet  and  to  be  decreased  when  hy- 
drochloric acid  is  added  to  the  mixed  diet. 

The  tables  follow. 


\ 
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TABLE  I. 

The  Relation  of  the  Character  of  the  Food  Intake  to  Ph  of  the  Urine  and  to 

the  Elimination  of  Crealins. 


T^^  A^ 

Urine. 

Tk                      1 

Date. 

Vol- 
ume. 

Specific 
gravity. 

Creat- 
inine. 

Crea- 
tine. 

Ph. 

Remarks. 

me 

ce. 

mg. 

mg. 

Jan.   24 

90 

1.025 

135 

0 

8.70 

White  male  rabbit  of  2.400  gm 

"      25 

65 

1.023 

92 

18 

6.70 

r50  gm.  oats. 

"      26 

100 

1.030 

72 

45 

6.30 

Grain  diet  j  50  "    cracked 

"      27 

60 

1.035 

90 

34 

5.30 

corn. 

"      28 

30 

1.040 

81 

27 

4.90 

"      29 

50 

1.030 

81 

31 

4.70 

Feces  soft. 

"      30 

60 

1.025 

81 

39 

4.70 

It       ft 

"      31 

60 

1.024 

77 

39 

4.70 

tt       it 

Average 

88 

Feb.     1 

60 

1.030 

81 

13 

5.30 

Carrot  diet:  300  or  500  gm. 

2 

300 

1.010 

90 

5 

7.38 

carrots.    For   first   2   dav^ 

3 

300 

1.010 

81 

0 

7.48 

300  gm.  carrots  were  given. 

4 

300 

1.010 

93 

0 

7.48 

From  this  period  on  the  ani- 

5 

425 

1.012 

91 

0 

7.48 

mal  received  500 gm.  carrots. 

"        6 

275 

1.025 

92 

0 

8.0 

7 

300 

1.016 

100 

0 

9.27 

8 

350 

1.015 

90 

0 

8.70 

Average 

90 

Feb.     9 

250 

1.020 

73 

0 

8.70 

25  gm.  oats. 
25  "    cracked 

"      10 

120 

1.015 

88 

0 

8.70 

Mixed  diet  < 

*'      11 

120 

1.015 

90 

0 

8.70 

corn. 
250  gm.  carrots. 

Average 

83 

Feb.   12 

170 

1.012 

57 

0 

8.0 

12  m.    50  cc.  0.25   n  HCl  by 
stomach  tube. 
11  a.m.  50  cc.  0.25  N  HCI  bv 

"      13 

130 

1.010 

66 

10 

4.90 

stomach  tube. 
6  p.m.  50  cc.  0.25  n  HCl  by 

stomach  tube. 
11  a.m.  50  cc.  0.25  n  HCl  by 

"      14 

150 

1.020 

55 

45 

6.00 

stomach  tube. 
6  p.m.  50  cc.  0.25  N  HCl  by 
stomach  tube. 

Average 

69 

F.  P.  UnderhiU 


133 


TABLE  II. 

The  Relation  of  the  Character  of  the  Food  Intake  to  Pg  of  the  Urine  and  to 

the  Elimination  of  Creatine. 


Date. 

Urine. 

Vol- 
ume. 

Specific 
gravity. 

Creat- 
inine. 

Crea- 
tine. 

Ph. 

Remarks. 

1916 

ec. 

PWy  ■ 

mg. 

Jan.   24 

50 

1.038 

95 

0 

8.70 

Male  rabbit  of  2,200  gm. 

"      25 

60 

1.035 

95 

11 

6.70 

"      26 

50 

1.032 

K^ 

51 

6.30 

50  gm.  oats. 

"      27 

50 

1.030 

101 

39 

5.30 

Grain  diet:    j  50  "     cracked 

-     28 

40 

1.035 

81 

36 

5.70 

corn. 

**     29 

50 

1.035 

108 

45 

4.90 

*'     30 

50 

1.035 

81 

45 

4.70 

*'     31 

55 

1.032 

81 

39 

4.90 

Feb.     1 

50 

1.035 

81 

57 

4.70 

Urine  showed  distinct  test  for 
protein. 

'•       2 

50 

1.035 

90 

41 

4.70 

Previous  to  experiment  urine 
was  protein-free. 

Average 

89 

Feb.      3 

110 

1.020 

97 

31 

4.90 

Carrot   diet    for   first  2  days 
300  gm. 

4 

400 

1.015 

116 

18 

7.48 

Carrot  diet  for  remainder  of 

<i 

period,  500  gm. 

4^ 

425 

1.012 

112 

0 

7.48 

« 

275 

1.025 

104 

0 

8.0 

■^ 

400 

1.012 

98 

0 

8.70 

8 

350 

1.015 

113 

0 

8.70 

Urine  still  shows  traces  of  pro- 

tein. 

106 

1 1 

170 
100 
120 

1.020 
1.025 
1.020 

94 
70 

88 

0 
0 
0 

8.70 
8.70 
8.70 

Mixed  diet :  < 

25  gm.  oats. 
25  "     cracked 

corn. 
250  gm.  carrots. 

84 

71 

150 

1.012 

14 

6.30 

12  m.  50  cc.  0.25  x  HCI    bv 

stomach  tul)e. 

11  a.m.  50  cc.  0.25  .\  HCI  by 

13 

110* 

1.020 

68 

68 

4  90 

^      stomach  tul)e. 
6  p.m.  50  cc.  0.25  x  HCI  by 

stomach  tulx;. 

14 

Animal  killed  because  of  in- 

• 

jury. 

W^raue 

69 

—  "^ —  _^,__ ^ 

1 

TABLE  III. 

The  Relation  of  the  Character  of  the  Food  Intake  to  P^  of  the  Urine  and  to 

the  Elimination  of  Creatine. 


T^         A. 

Urine. 

Remarks. 

Date. 

1 

Vol- 

Specific 

Creat- 

Crear 

Ph. 

ume. 

gravity. 

inine. 

tine. 

1916 

cc. 

mg. 

mg. 

Jan.   24 

60 

1.035 

95 

0 

8.70 

Male  rabbit  of  2,200  gin. 

"      25 

50 

1.030 

90 

0 

6.90 

"      26 

90 

1.030 

109 

53 

6.00 

"      27 

60 

1.030 

85 

52 

4.90 

50  gm.  oats. 

"      28 

60 

1.025 

112 

27 

4.90 

Grain  diet:    <50  **     cracked 

"      29 

70 

1.025 

81 

63 

4.70 

corn. 

"      30 

60 

1.030 

81 

49 

4.70 

"      31 

70 

1.025 

81 

57 

4.70 

Feb.     1 

70 

1.025 

81 

63 

4.70 

2 

60 

1.030 

90 

52 

4.70 

Urine  previously  protein-free 
contained  distinct  traces  of 
protein. 

Average 

90 

Feb.     3 

150 

1.015 

95 

57 

5.70 

Carrot  diet  for  first  2  days, 
300  gm. 

4 

470 

1.015 

139 

10 

7.38 

Carrot  diet  for  remainder  of 
period,  500  gm. 

5 

400 

1.012 

112 

0 

7.48 

6 

375 

1.015 

131 

0 

8.0 

7 

400 

1.012 

114 

0 

8.70 

8 

375 

1.015 

120 

0 

8.70 

Urine  still  contains  protein. 

Average 

118 

Feb.     9 

190 

1.018 

118 

0 

8.70 

25  gm.  oats. 

"      10 

120 

1.030 

97 

0 

8.70 

Mixed  diet  I   < 

25  "    cracked 

"      11 

170 

1.015 

100 

0 

8.70 

corn. 

"      12 

250 

1.010 

115 

0 

8.0 

[250gm.  carrots. 

AViprage 

107 

Feb.  13 

120 

1.015 

97 

49 

4.90 

Each  day  the  animal  received 

"      14 

170 

1.015 

93 

70 

4.90 

100  cc.  0.25  N  HCl  divided  in- 

"     15 

160 

1.015 

92 

43 

4.70 

to  two  equal  doses, one  being 
given  at  11  a.m.,  the  other 
at  6  p.m. 

Average 

94 

Feb.   16 

425 

1.015 

100 

13 

9.27 

"      17 

425 

1.012 

172 

0 

9.27 

''       IS 

350 

1.015 

125 

0 

9.27 

Carrot  diet:  5Q0  gm.  carrots. 

*'      19 

400 

1.015 

134 

0 

9.27 

"      20 

250 

1.020 

113 

0 

9 .  27 

"      21 

120  i 

1.035 

114 
126 

0 

9.27 

Average 

134 
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TABT.K  III. 

—Concluded. 

I>mt«. 

Urine. 

. 

Vol- 
ume. 

Specific 
gravity. 

Creat- 
inine. 

Crea- 
tine. 

Ph. 

Feb.     22 
"        23 
"        24 

ee. 

275 
120 
175 

1.015 
1.025 
1.015 

mg. 

113 
100 
100 

mg. 

23 
72 
34 

7.38 
5.70 
5.30 

Each  day  the  animal  received 
100  cc.  0.25  N  HCl  divided 
into  two  equal  doses,  one  be- 
ing given  at  11  a.m.,  the 
other  at  6  p.m. 

Average 

104 

Feb.    25 
"        26 
"         27 

350 
465 
325 

1.010 
1.013 
1.017 

133 
128 
114 

28 
0 
0 

9.27 
9.27 
9.27 

• 

Carrot  diet :  500  gm.  carrots. 

Averai^e 

125 

Feb.    28 

"        29 
Mar.       1 

2 
3 

80 
70 
96 
90 
93 

1.035 
1.035 
1.020 
1.015 
1.020 

136 
103 
110 
121 
126 

0 
17 
34 
34 
14 

6.90 
4.70 
4.70 
4.70 
4.70 

50  gm.  oats. 
Grain  diet :       50  "  cracked 

com. 

Averajje 

119 

Mar.      4 

5 

265 
430 

1.010 
1.015 

130 
138 

0 
0 

9.27 
9.27 

Carrot  diet :  500  gm.  carrots. 
Body  weight  at  end  of  experi- 
ment, 2,280  gm. 

Average 

1S4 
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TABLE  IV. 

The  Relation  of  the  Ckaracler  of  the  Food  Intake  to  Ph  of  the  Urine  and  to 

the  Elimination  of  Creatine. 


Date. 

Urine. 

v^ 

■ 

Vol- 
ume. 

Sperific 
gravity. 

Creat- 
inine. 

Crea- 
tine. 

Ph. 

■ 

I9i9 

Feb.  16 
"      17 
"      18 

cc. 

325 
350 
325 

1.017 
1.015 
1.015 

mg. 

132 
123 
104 

mg. 

36 

14 

0 

9.27 
9.27 
9.27 

Male  rabbit  of  2,700  gm.    Pre- 
vious diet  unknown. 
Carrot  diet:  500  gm.  carrots. 

Average 

119 

Feb.  19 
"      20 
"      21 

400 

140 

90 

1.015 
1.025 
1.038 

134 
113 
121 

0 
0 
0 

9.27 
9.27 
9.27 

Mixed  diet :  < 

'25  gm.  oats. 
25  "    cracked 

corn. 
250  gm.  carrots. 

Average 

123 

Feb.  22 
"      23 
"      24 

235 
275 
235 

1.015 
1.012 
1.015 

126 

99 

118 

0 
98 
24 

7.38 
5.30 
5.30 

Each  day  the  animal  received 
100  cc.  0.25  N  HCl  divided 
into  two  equal  doses,   one 
being  given  at  11  a.m.,  the 
other  at  6  p.m. 

Average 

114 

Feb.  25 
"      26 
"      27 

275 
310 
360 

1.015 
1.015 
1.012 

115 
119 
115 

16 
7 
0 

9.27 
9.27 
9.27 

Carrot  diet :  500  gm.  carrots. 

Average 

116 

Feb.  28 
"      29 

Mar.    1 
2 
3 

65 
80 
81 
73 

84 

1.035 
1.040 
1.040 
1.025 
1.019 

114 
118 
100 
99 
113 

0 
18 
53 
54 
33 

6.70 
4.70 
4.70 
4.70 
4.70 

[50  gm.  oats. 
Grain  diet:    <  50  ''    cracked 
[     corn. 

Average 

108 

Mar.    4 
"        5 

150 
410 

1.015 
1.015 

111 
129 

0 
0 

6.0 
9.27 

Carrot  diet :  500  gm.  carrots. 

Average 

120 
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TABLE  V. 

The  It^loHon  of  the  Character  of  the  Food  Intake  to  Ph  of  the  Urine  and  to 

the  Elimination  Of  Creatine. 


^>^Ui. 


«« 


«« 


•  19 
20 
21 


rage 


.  22 
23 
24 


^'erage 


ar.    4 


*« 


A.Y( 


Urine. 


400 
100 
150 


330 
255 
250 


350 
450 
390 


90 
60 
60 
90 
68 


340 
400 


Spedfio 
sravity. 


1.015 
1.015 
1.018 


1.015 
1.026 
1.025 


1.013 
1.013 
1.012 


1.012 
1.015 
1.013 


1.025 
1.035 
1.025 
1.023 
1.025 


1.010 
1.016 


Creat- 
inine. 


mg. 

94 
144 

88 


106 


110 
84 
96 


97 


102 

98 

100 


100 


112 

122 

86 


107 


121 
81 
88 
91 
92 


95 


107 
108 


107 


Crea- 
tine. 


mg. 

0 
0 
0 


0 
0 
0 


33 
50 
30 


14 
0 
0 


0 

mm 

I 

37 
64 
35 


14 
0 


Ph. 


9.27 
9.27 
9.27 


9.27 
9.27 
9.27 


7.38 
5.70 
5.30 


9.27 
9.27 
9.27 


6.90 
4.70 
4.70 
4.70 
4.70 


9.27 
9.27 


Remarks. 


Male  rabbit  of  2,400  gm.    Pre- 
vious diet  unknown. 
Carrot  diet :  500  g:m.  carrots. 


Mixed  diet : 


25  gm.  oats. 
25  "     cracked 

corn. 
250  gm.  carrots. 


Each  day  the  animal  received 
100  cc.  0.25  N  HCl  divided 
into  two  equal  doses,  one 
being  given  at  11  a.m.,  the 
other  at  6  p.m. 


Carrot  diet :  500  gm.  carrots. 


Grain  diet 


50  gm.  oats. 
50  "     cracked 
corn. 


Carrot  diet :  500  gm.  carrots. 
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TABLE  VI. 

The  Relation  of  the  Character  of  the  Food  Intake  to  Ph  of  the  Urine  and  to 

the  Elimination  of  Creatine, 


▼X      X. 

Urine. 

.   ■ 

• 

Date. 

Vol- 
ume. 

Specific 
gravity. 

Creat- 
inine. 

Crea- 
tine. 

Ph. 

Renuu-KB. 

1916 

Feb.  16 
"      17 

"      18 

cc. 

300 
400 
325 

1,016 
l!015 
1.015 

mg. 

100 

108 

89 

mg. 

0 
0 
0 

9.27 
9.27 
9.27 

Male  rabbit  of  2,000  gm.    Pre- 
vious diet  unknown. 
Carrot  diet :  500  gm.  carrots. 

Average 

99 

Feb.  19 
"      20 
"      21 

325 
130 
130 

1.020 
1.028 
1.020 

80 
98 
83 

0 
0 
0 

9.27 
9.27 
9.27 

Mixed  diet : 

25  gm.  oats. 
25   "   cracked 

com. 
[250gm.  carrots. 

Average 

87 

Feb.  22 
"      23 
"      24 

130 
275 
180 

1.020 
1.010 
1.017 

85 
77 
76 

0 
15 
31 

7.48 
5.70 
5.30 

Each  day  the  animal  received 
100  cc.  0.25  N  HCl  divided 
into  two  equal  doses,   one 
being  given  at  11  a.m.,  the 
other  at  6  p.m. 

Average 

HCf 

- 

Feb.  25 
"      26 
"      27 

275 
425 
320 

1.015 
1.015 
1.012 

91 
92 
96 

6 
0 
0 

9.27 
9.27 
9.27 

Carrot  diet:  500  gm.  carrots. 

Average 

93 

Feb.  28 
"      29 

Mar.    1 
2 
3 

80 
65 
45 
70 
60 

1.025 

i.aso 

1.040 
1.026 
1.020 

91 
81 
90 
90 
6.5 

0 
34 
46 
42 
50 

7.38 
5.30 
5.30 
5.30 
5.30 

Grain  diet:    i 

25  gm.  oats. 
25  "    cracked 

corn. 
[250  gm.  carrote. 

Average 

83 

• 

Mar.    4 
5 

180 
340 

1  015 
1.018 

70 

82 

23 
0 

9.27 
9.27 

Carrot  diet :  500  gm.  carrots. 

Average 

76 
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SUMMARY. 

Upon  a  diet  of  oats  and  com,  containing  an  adequate  supply 
of  earbohj'drate,  creatine  promptly  appears  in  the  urine  of  the 
rabbit.  A  marked  condition  of  acidosis,  as  measured  by  the  hy- 
drogen ion  concentration  of  the  urine  is  always  associated  with 
this  phenomenon.  Oats  and  corn  are  pronounced  acid-produc- 
ing foods.  On  the  other  hand,  if  a  base-producing  food,  such  as 
carrots,  is  fed  to  rabbits  with  creatinuria,  this  sjTnptom  rapidly 
disappears  as  the  urine  becomes  alkaline. 

The  protein  per  se  is  without  special  significance  in  the  phenome- 
non under  discussion;  for  upon  a  diet  consisting  of  oats,  com, 
&nd  carrots  creatine  fails  to  appear  in  the  urine,  and  the  reaction 
of  the  latter  remains  alkaline.  Equally  significant  is  the  fur- 
ther fact  that  the  ingestion  of  hydrochloric  acid  with  the  mixed 
diet  causes  the  appearance  in  the  urine  of  significant  quantities 
of  creatine.  Simultaneously  the .  hydrogen  ion  concentration 
of  the  urine  is  markedly  increased. 

The  conclusion  seems  justified  that  there  is  an  interrelation- 
ship between  acidosis  and  creatine  elimination.  Creatine  in 
'the  urine  may  prove  to  be  an  index  of  a  condition  of  acidosis 
in  the  organism. 


STUDIES  IN  CREATINE  METABOLISM. 

^*    THE  INFLUElfCB  OF  ALKALI  UPON  CREATINB  BLIlfflNATION 

DURING  INANITION. 

By  frank  p.  UNDERHILL. 

its* 

*^*'Ofii  the  Sheffield  Laboratory  of  Physiological  Chemistry ,  Yale  University, 

New  Haven.) 

(Received  for  publication,  July  31,  1916.) 

It  is  well  recognized  that  during  inanition  creatine  appears  in 
^^e  urine  of  the  rabbit  in  significant  quantities  and  it  is  likewise 
^ell  known  that  in  a  starving  condition  the  urine  becomes  mark- 
edly acid  in  reaction.  This  change  in  reaction  of  the  urine  has 
^>een  explained  by  the  assumption  that  the  starving  herbivorous 
Animal  feeds  upon  its  own  tissues  in  an  effort  to  derive  sufficient 
f  \iel  for  its  needs  and  under  these  circimistances  is  to  all  intents 
^^nd  purposes  with  respect  to  the  character  of  its  metabolism  a 
^•arnivorous  animal.  During  the  process  of  disintegration  of  tis- 
s«ue  thus  devoted  to  calorific  needs  acids  are  formed  which  must 
yyo  neutralized  by  fixed  ajkalies  of  the  organism  and  this  continual 
demand  for  alkali  results  in  base  depletion  eventually — a  concom- 
itant of  which  is  the  elimination  of  creatine  in  the  urine. 

According  to  these  ideas,  then,  in  starvation  in  the  rabbit  there 
ssfhould  be  a  greatly  increased  hydrogen  ion  concentration  in  the 
virine.    That  such  a  condition  obtains  may  be  seen  from  the 
data  in  Table  I.     Here  it  is  shown  that  creatinuria  and  a  mark- 
edly  high   hydrogen   ion    concentration    occur   simultaneously. 
TTiese  results  are  in  agreement  with  the  hypothesis  advanced  in 
the  preceding  paper;  namely,  that  creatine  in  the  urine  is  asso- 
ciated with  a  condition  of  acidosis  and  may  be  independent  of 
the  carbohydrate  supply.    On  the  other  hand,  during  the  creati- 
nuria of  inanition  in  the  rabbit^  and  in  pernicious  vomiting  of 
pregnancy*  carbohydrate  introduction  into  the  body  will  either 

>  Mendel,  L.  B.,  and  Rose,  W.  C,  J.  Biol.  Chem.,  1911-12,  x,  213. 
»Underhill.  F.  P.,  and  Rand,  R.  F.,  Arch.  Int.  Med.,  1910,  v,  61. 
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greatly  diminish  or  totally  inhibit  the  excretion  of  creatine.  This 
may  be  explained  by  assuming  that  there  is  diminished  tissue 
breakdown  after  carbohydrate  introduction,  hence  decreased  acid 
formation,  so  that  base  depletion  is  inhibited  more  or  less  com- 
pletely. 

If  these  ideas  are  correct,  and  in  particular  the  view  that  base 
depletion  is  responsible  for  creatine  elimination,  it  would  appear 
reasonable  to  assiune  that  during  creatinuria,  as  in  inanition, 
administration  of  base  should  either  markedly  decrease  or  entirely 
prevent  the  appearance  of  creatine  in  the  urine.  The  results  of 
four  such  experiments  may  be  found  in  Tables  II,  III,  IV  and  V. 

Inspection  of  these  data  will  show  that  the  subcutaneous  in- 
jection of  50  cc.  of  a  2  per  cent  solution  of  sodium  hydroxide 
caused  the  creatine  in  the  urine  of  three  (Tables  II,  III,  and  IV) 
starving  rabbits  to  completely  disappear  and  in  a  fourth  animal 
(Table  V)  creatinuria  was  notably  diminished.  In  only  one  in- 
stance. Table  III,  did  the  urine  of  the  injection  day,  Jan.  16, 
become  alkaline.  A  similar  injection  of  alkali  on  the  following 
day  was  without  influence  upon  creatine  excretion  in  three  out 
of  the  four  experiments.  In  the  fourth.  Table  V,  creatine  excre- 
tion continued  low.  A  subsequent  (Jan.  19)  larger  administra- 
tion of  base  was  without  significant  influence  in  two  instances. 
Tables  II  and  V;  in  one.  Table  III,  there  was  a  noticeable  drop 
in  creatine  excretion  and  in  Table  IV  it  may  be  observed  that 
creatinuria  was  completely  abolished.  In  all  cases  after  the  final 
injections  the  urines  became  noticeably  alkaline. 

The  experiments  clearly  demonstrate  that  administration  of 
alkali  may  decrease  or  entirely  inhibit  the  appearance  of  creatine 
in  the  urine  during  inanition.  This  effect  cannot  be  regarded 
merely  as  a  failure  of  creatine  excretion  as,  for  example,  by  an 
action  upon  kidney  function,  for  under  these  circimistances  it 
might  fairly  be  assumed  that  creatinine  elimination  would  also 
be  influenced.  The  data  show  that  creatinine  excretion  is  not 
changed  materially  by  administration  of  alkali.  The  conclusion 
is  therefore  justified  that  alkali  checks  or  inhibits  temporarily 
the  formation  of  creatine,  or,  viewed  from  another  standpoint, 
facilitates  its  further  transformation  in  the  organism.  The  in- 
fluence of  alkali  upon  creatine  elimination  is  only  temporary,  as 
might  be  expected,  inasmuch  as  the  introduction  of  alkali  merely 
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neutralizes  acid  produced  and  does  not  completely  or  permanently 
inhibit  acid  production.  In  other  words,  even  though  alkali  is 
furnished,  acid  continues  to  be  formed  as  the  result  of  the  organ- 
ism's need  for  fuel.  Consequently  as  the  transformation  of  tis- 
sue, in  the  absence  of  sufficient  glycogen  and  fat,  into  energy- 
producing  substances  becomes  greater  and  greater  the  influence 
of  small  injections  of  alkali  becomes  correspondingly  diminished 
as  may  be  seen  from  Tables  II,  III,  and  V.  There  seems  to  be 
a  stage  in  metabolism  where  creatine  elimination  during  starva- 
tion may  be  inhibited  by  administration  of  alkali.  Beyond  this 
point  alkaU  introduction  may  or  may  not  exert  an  influence. 


TABLE  I. 

The  Influence  of  Starvation  upon  the  Ph  of  the  Urine  and  upon  Creatine 

Elimination. 


Date. 


Urine. 


Volume. 


Total  N. 


Creatinine. 


Creatine. 


Rabbit  4. 


Ph. 


Rabbit  3. 

1916 

ee. 

gm. 

mg. 

mg. 

-May  1 

30 

0.56 

68 

0 

7.6 

**  2 

36 

1.04 

76 

17 

5.4 

••  3 

83 

1.71 

76 

70 

4.9 

•«  4 

190 

2.58 

82 

108 

4.7 

•*  5 

45 

0.34 

32 

78 

5.3 

^ay  1 

54 

0.56 

78 

0 

7.6 

'*  2 

42 

0.66 

86 

20 

6.2 

"'     3 

36 

0.99 

79 

55 

5.8 

•'  4 

34 

0.85 

75 

95 

5.8 

•'  5 

31 

1.21 

80 

90 

4.7 
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•       TABLE  II. 
The  Influence  of  Alkali  upon  Creatine  ElimincUion  During  Inanition. 


Date. 

Urine. 

Vol- 
lune. 

Specific 
gravity. 

Reaction  to 
litmus. 

Great 
inine. 

Crea- 
tine. 

1916 

ee. 

tng. 

mg. 

Male    rabbit    of    2,100 

Jan.  12 

60 

1.035 

Acid. 

114 

0 

Fasting. 

"    13 

60 

1.040 

« 

90 

29 

« 

"   14 

50 

1.030 

u 

101 

16 

« 

"   15 

40 

1.045 

« 

72 

34 

It 

"   16 

50 

1.045 

it 

101 

0 

it 

10.45    a.m.    sub- 

' 

cutaneous     injec- 
tion of  50  cc.  2.0 

"    17 

60 

1.030 

u 

85 

46 

«< . 

per  cent  NaOH. 

"    18 

50 

1.035 

Alkaline. 

90 

42 

« 

"    19 

80 

1.030 

K 

95 

60 

it ' 

10.45    a.m.     and 

5.00   p.m.    intra- 

'  venous    injection 

of  50  cc.  2.0  per 

"   20 

60 

i.aso 

« 

95 

52 

It 

cent  NajCOi. 

TABLE  III. 
The  Influence  of  A  Ikali  upon  Creatine  Elimination  During  Inanition. 


Urine. 

Date. 

Vol- 
ume. 

Specific 
gravity 

Reaction  to 
litmus. 

Crwit- 
inine. 

Crea- 
tine. 

RemaricB. 

1916 

re. 

mg. 

mg. 

Female  rabbit  of  2,400 

Jan.  12 

250 

1.010 

Acid. 

88 

13 

gm. 
Fasting. 

"    13 

45 

1.035 

i* 

95 

14 

it 

"    14 

50 

1.032 

n 

106 

35 

tt 

*'    15 

50 

1.035 

It 

100 

35 

tt 

"    16 

50 

1.035 

Alkaline. 

101 

0 

tt 

10.45  a.m.  sub- 
cutaneous injec- 
tion of  50  cc.  2.0 

"    17 

50 

1.035 

it 

80 

93 

tt . 

per  cent  NaOH. 

"   18 

50 

1.040 

it 

101 

71 

tt 

"    19 

80 

1.035 

it 

90 

27 

It ' 

10.45     a.m.     and 

5.00    p.m.   intra- 

'  venous    injection 

of  50  cc    2.0  per 

"   20 

40 

1.030 

tt 

83 

29 

tt 

4 

cent  Na2C03. 
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TABLE  IV. 
7A«  Influence  of  Alkali  upon  Creatine  Elimination  During  Inanition. 


ZDate. 

Urine. 

Remarica. 

Vol- 
ume. 

Specific 
gravity. 

Reaction  to 
litmus. 

Creat- 
inine. 

Crea- 
tine. 

im 

cc. 

mg. 

mg. 

Female  rabbit  of  2,100 
gm. 

J&n.  12 

270 

1.008 

Acid. 

70 

8 

Fasting. 

"  13 

70 

1.040 

« 

81 

10 

« 

"  14 

40 

1.035 

« 

75 

18 

« 

"  15 

40 

1.035 

« 

75 

17 

u 

"  16 

40 

1.025 

« 

59 

0 

tt 

10.45  a.m.  enibcu- 
taneous  injection 
of  50  cc.  2.0  per 

*'   17 

50 

1.035 

Alkaline. 

75 

28 

«  . 

cent  NaOH. 

"    18 

40 

1.030 

« 

76 

37 

I< 

"    19 

90 

1.030 

« 

70 

28 

«  ' 

10.45     a.m.     and 

5.00    p.m.    intra- 

>  venous    injection 

of  50  cc.  2.0  per 

''     20 

30 

1.035 

u 

57 

0 

4 

cent  NasCOa. 

TABLE  V. 
le  Influence  of  Alkali  upon  Creatine  Elimination  During  Inanition. 


Urine. 

Remarks. 

^~"^^te. 

Vol- 
ume. 

Specific 
gravity. 

Reaction  to 
litmus. 

Creat- 
inine. 

Crea- 
tine. 

^^16 

ce. 

mg. 

mff. 

Female  rabbit  of  2,400 

J^^ 

12 

170 

1.023 

Acid. 

95 

0 

gm. 
Fasting. 

<< 

13 

60 

1.040 

i< 

101 

71 

tt 

«« 

14 

50 

1.030 

tt 

85 

45 

tt 

«c 

15 

40 

1.050 

tt 

90 

39 

tt 

«< 

16 

50 

1.040 

tt 

95 

7 

tt 

10.45  a.m.  subcu- 
taneous injection 
of  50  cc.  2.0  per 

«< 

17 

80 

1.030 

Alkaline. 

115 

10 

tt . 

cent  NaOH. 

« 

18 

60 

1.035 

Acid. 

124 

65 

tt 

« 

19 

110 

1.030 

Alkaline. 

89 

68 

tt " 

10.45    a.m.     and 

5  00    p.m.    intra- 

'  venous    injection 

of  50  cc.  2.0  per 

M 

20 

70 

1.035 

tt 

108 

63 

tt 

c^nt  NasCOj. 
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SUMMABT. 

Administration  of  alkali  during  the  earlier  days  of  starvation 
may  greatly  diminish  or  completely  abolish  the  creatinuria  of 
that  condition.  Later  in  the  period  of  inanition  introduction  of 
alkali  may  not  show  as  marked  an  influence  upon  the  existing 
creatinuria. 

The  results  of  these  experiments  lend  support  to  the  hypothesis 
that  there  exists  a  relationship  between  acidosis  and  creatine 
elimination. 


STUDIES  IN  CREATINE  METABOLISM. 

in.  THE  INFLUENCE  OF  ALKALI  UPON  THE  CREATINURIA  OF 

PHLORHIZIN  GLYCOSURIA. 

By  frank  p.  UNDERHILL  and  EMIL  J.   BAUMANN. 

iFrom  the  Sheffield  Laboratory  of  Physiological  Chemistry ^  Yale    University. 

New  Haven.) 

(Received  for  publication,  July  31,  1916.) 

Creatinuria  occurs  during  phlorhizin  glycosuria.  Coincident 
^^th  this  there  is  evidence  of  carbohydrate  deficiency  and  a 
^^-ell  marked  acidosis.  In  view  of  the  fact  that  in  starvation 
oontrol  of  the  acidosis  may  lead  to  disappearance  of  creatine 
from  the  urine  of  the  rabbit  it  was  deemed  of  importance  to  deter- 
xnine  what  influence  is  to  be  exerted  upon  the  creatinuria  pro- 
evoked  by  phlorhizin  upon  administration  of  relatively  large 
c^uantities  of  sodium  bicarbonate. 

Methods. 

Throughout  the  period  of  investigation  the  dogs  employed 
^^irere  allowed  to  fast.  The  animals  were  given  subcutaneous  doses 
of  1  gm.  of  phlorhizin  dissolved  in  10  cc.  of  olive  oil  on  2  suc- 
^:?e8sive  days  previous  to  the  experimental  period  and  thereafter  1 
^m.  every  alternate  day.  Each  day  was  divided  into  two  6  hour 
Y^riods  and  one  12  hour  period,  by  catheterization.  For  the 
^timation  of  sugar  the  method  of  Benedict^  was  employed  and 
C!reatine  was  determined  according  to  the  procedure  of  Graham 
^nd  Poulton.*  Sodium  bicarbonate  was  administered  by  mouth 
in  gelatin  capsules  during  the  6  hour  periods  but  was  not  given 

during  the  12  hour  periods. 

It  is  apparent  from  the  data  presented  in  Tables  I  and  II  that 

the  administration  of  relatively  large  quantities  of  sodium  btcar- 

*  Benedict,  S.  R.,  J.  Biol.  Chem.,  1911,  ix,  57. 

s  Graham,  G.,  and  Poulton,  E.  P.,  Proc.  Roy.  Soc.,  Series  B,  1914,  Ixxxvii. 
205. 
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bonate  is  without  appreciable  influence  upon  the  elimination  of  crear- 
tine  during  phlorhizin  glycosuria.  This  is  equally  true  whether 
the  animal  is  in  a  state  of  complete  phlorhizination  or  not. 
The  preceding  paper  has  shown  that  administration  of  alkali  is 
much  more  potent  in  abolishing  creatinuria  in  the  early  day^ 
of  starvation  than  it  is  in  the  later  periods  of  inanition,  perhaps 
because  of  the  greater  difficulty  of  controlling  the  condition  of 
acidosis.  In  the  present  work  it  is  possible  that  the  same  rea- 
soning may  hold  also,  that  is,  that  during  phlorhizin  intoxica- 
tion the  occasion  for  acid  production  is  so  great  that  its  success- 
ful control  is  improbable.  In  line  with  this  view  stands  the  fact 
that  the  ingestion  of  alkali  as  carried  through  in  these  experiments 
seemed  to  have  little  or  no  influence  upon  the  excretion  of  ketone 
substances  judged  by  qualitative  tests.  On  the  other  hand,  it 
would  seem  reasonable  to  assume  that  the  giving  of  these  large 
quantities  of  alkali  should  exert  at  least  a  slight  action  upon 
creatine  excretion  if  the  condition  of  acidosis,  that  is,  alkali  de- 
pletion, is  to  be  considered  as  the  stimulus  for  the  production  of 
creatine.  One  is  therefore  forced  to  the  conclusion  that  more 
than  one  factor  may  govern  the  mechanism  leading  to  creatinuria. 
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TABLE  L 

The  Injlwtux  of  Alkali  upon  Creatine  BxereHm  in  Phhrkiein  Olyeoturia. 


UriM. 

TottlN. 

DOUM. 

Sz: 

tioaN. 

DS. 

i 

! 

s 

i 

■8 
1 

s 

I 

1 

i 

a 

Mf 

i 

1 

1 

1 

ini 

m. 

e<m. 

*-•■ 

»■- 

■If. 

"« 

■•« 

June  6 

1.99 

4  85 

30.8! 

U.6& 

45 

100 

85 

i» 

10-25 

7.12 

June  4  and  5  cub, 

7 

IIS 
1,73 

2.91 
5.46 

19.83 
14.51 

U.3i 

21.24 

46 
57 

103 
63 

7a 

21 

09 
110 

16.80 
8-40 

11.78 
390 

1  gin,  phlorhiiiD. 
4  "    XaHCO,. 

perhr. 
No  XaHCX),  . 

"       ^ 

1-88 
1.B6 

3M 
3.02 

14.22 
13.60 

"!w 

39 
49 

88 
59 

s 

95 
100 

756 
6-95 

7.24 
2.25 

/  2  gm.    XaHCO. 
\      per  hr. 
Xo  NaHCO,. 

"       9 

2.80 
1. 31 

1.31 
2.07 

9.80 
20,50 

30.30 
7.90 

31 
31 

65 
42 

ei 

3.50 
105  13.60 

129 

7.02 
382 

1  Km.  phlorhisio. 

2  gm.   NsHOO.. 
per  hr. 

\-o  XaHCO,. 

UHnea  obt&ined  during  periods  of  klk&li  ftdmiiuBtration  were  strouglj 
ilkaline.    During  the  other  periods  urines  were  acid. 
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TABLE  H. 

0/  Alkali  upon  Creatine  Excretion  in  Phlorhitin  Glyeomria. 


OH.., 

T.,..  ». 

Da,™. 

Creot- 
N 

CrtB- 

D=N, 

1 

1 

i 

1 

1 

1 

1 

i 

1 

1 

ja 

:& 

^ 

i 

S 

^ 

mi 

*«. 

im. 

(m. 

,m. 

mt 

mt 

mp 

mt 

May  29 

1-32 
1.43 
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STUDIES  IN  CREATINE  METABOLISM. 

IV.  THE  RELATIONSHIP  OF  CRBATINURIA  TO  CARBOHYDRATE 

METABOLISM  AND  ACIDOSIS. 

By  frank  p.  UNDERHILL  and  EMIL  J.  BAUMANN. 

i^From  the  Sheffield  Laboratory  of  Phynolojical  Chemialry,  Yale  University^ 

New  Haven.) 

(Received  for  publication,  July  31,  1916.) 

In  1908  it  was  shown  by  Underbill  and  Kleiner'  tbat  tbe  sub- 
cutaneous injection  of  hydrazine  sulfate  called  forth,  among 
other  symptoms,  a  condition  of  marked  creatinuria.    The  crea- 
tine eliminated  under  these  circumstances  was  much  greater 
than  could  be  accounted  for  by  the  attendant  starvation.    Later 
work-  demonstrated  that  hydrazine  injections  resulted  invariably, 
in  dogs,  and  occasionally  in  rabbits,  in  a  state  of  distinct  hypogly- 
cemia without  the  appearance  in  the  urine  of  any  reducing  sub- 
stance and  with  a  temporary  disappearance  of  glycogen  from  the 
liver  and   muscles,  accompanied   by  an  increased  respiratory 
quotient.*    Recently   MacAdam*  has   called   attention   to   the 
fact  that  hypoglycemia  may  be  produced  invariably  in  rabbits 
provided  the  dose  of  hydrazine  is  sufficiently  large.    The  same 
investigator  has  also  pointed  out  that  there  is  a  close  association 
between   the   condition   of  hypoglycemia  and   creatinuria   for 
"after  hydrazine  injection  in  rabbits  (a)  if  no  alteration  in  the 
^gar  content  of  the  blood  occurs,  no  marked  creatinuria  results; 
(b)  but  the  excretion  of  creatine  is  associated  with  a  condition 
of  hypoglycemia."    From  these  results  it  would  appear  that 
Support  is  afforded  the  current  view  concerning  creatinuria; 
<ianaely,  that  creatine  in  the  urine  is  closely  associated  with  a 
cleficiency  of  carbohydrate  in  the  body. 

»  Underbill,  F.  P.,  and  Kleiner,  I.  S.,  /.  Biol.  Chem.,  190S,  iv,  165. 
»  Underbill,  F.  P.,  /.  Biol.  Chem.,  1911,  x,  153;  also  Underbill,  F.  P., 
^nd  Hogan,  A.  G.,  ibid.,  1915,  xx,  2D3. 

•  Underbill,  F.  P.,  and  Murlin,  J.  R.,  /.  Biol.  Chem.,  1915,  xxii,  499. 

*  MacAdam,  W.,  Biochem.  /.,  1915,  ix,  229. 
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As  outlined  in  the  preceding  papers*  creatine  may  find  its 
way  into  the  urine  of  the  rabbit  at  least  under  circumstances 
which  exclude  the  possibility  of  carbohydrate  deficiency.  On 
the  other  hand,  the  data  presented  in  the  papers  to  which  refer- 
ence is  made  indicate  that  creatinuria  is  connected  with  a  con- 
dition of  acidosis  in  the  sense  of  withdrawal  of  base  from  the  body. 
Acidosis  and  carbohydrate  deficiency  usually  accompany  one 
another,  indeed  the  first  may  many  times  be  regarded  as  the 
sequel  of  the  latter.  In  hydrazine  one  has  an  excellent  example 
of  carbohydrate  deficiency.  The  question  therefore  naturally 
arises,  whether  the  creatinuria  induced  by  hydrazine  is  caused 
by  carbohydrate  depletion  or  by  an  accompanying  acidosis. 
Or  must  it  be  recognized  that  creatine  in  the  urine  may  arise 
as  a  result  of  two  entirely  different  types  of  mechanisms  being 
set  in  motion?  May  creatine  appear  in  the  urine  with  deficiency 
of  carbohydrate  without  acidosis  and  may  cyeatinuria  be  present 
in  conditions  of  acidosis  with  a  sufficiency  of  carbohydrate  in 
the  body?  The  latter  part  of  the  question  has  already  been 
answered  in  the  affirmative  by  the  data  in  the  preceding  papers.* 
The  query  whether  creatine  may  be  excreted  in  the  urine  under 
circumstances  where  carbohydrate  depletion  prevails  without 
an  accompanying  acidosis  demands  an  answer  which  it  is  the 
object  of  the  present  conmiunication  to  furnish  and  for  this 
purpose  the  creatinuria  induced  by  hydrazine  has  been  studied 
in  the  dog. 

Methods. 

Inasmuch  as  animals  refuse  to  eat  after  hydrazine  administra- 
tion it  becomes  essential  to  determine  the  influence  of  starvation 
upon  the  factors  under  discussion  before  proceeding  to  a  con- 
sideration of  the  effect  of  hydrazine.  Accordingly  dogs  were 
allowed  to  starve  for  a  period  of  5  days,  urine  being  collected  in 
24  hour  periods  by  catheterization,  precautions  being  used  to 
prevent  bladder  infection.  With  these  specimens  of  urine  de- 
termination was  made  of  the  total  nitrogen,  the  creatinine* 
nitrogen,  and  the  creatine'  nitrogen.  The  sugar  content  of  the 
blood  drawn  from  the  ear  vein  was  estimated  by  the  method  of 

» Underhill,  /.  Biol.  Chem.,  1916,  xxvi,  127,  141,  147. 

•  Folin's  method. 

'  Benedict  and  Myers'  method. 
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-^^Bedict  and  Lewis.'  Following  the  period  of  inanition  the 
^^^^gs  were  well  fed  on  a  mixed  diet  over  a  period  sufficient  to 
^llow  them  to  regain  their  normal  body  weight.  At  this  time 
ey  were  given  subcutaneous  injections  of  hydrazine  sulfate 
the  dosage  of  50  mg.  per  kilo  body  weight  and  estimations 
ere  made  upon  the  urine  and  blood  as  detailed  above,  except 
t  12  hour  periods  were  employed  instead  of  24  hour  periods, 
was  done  especially  for  the  purpose  of  correlating  more 
losely  changes  in  blood  sugar  and  creatine  of  the  urine.  Where 
eterminations  of  the  hydrogen  ion  concentration  of  the  urine 
ere  carried  through  the  procedure  of  Henderson  and  Palmer* 
as  employed. 

The  data  in  Tables  I,  II,  III,  and  IV  show  very  clearly  that 
ydrazine  induces  a  marked  creatinuria  which  is  far  in  excess 
f  that  provoked  by  starvation.    The  appearance  of  creatine  in 
^'^e  urine  in  significant  amounts  is  coincident  with  the  period  &f 
Siypoglycemia.    With  the  return  of  blood  sugar  to  normal  crea- 
^iinuria  falls  in  general,  in  one  instance  to  the  starvation  level, 
lit  is  evident  then  that  creatinuria  and  hypoglycemia  are  closely 
dissociated  and  it  is  probable  that  the  appearance  in  the  urine  of 
creatine  is  dependent  upon  the  h3rpoglycemia.     It  is  also  to  be 
noted  that  the  total  nitrogen  of  the  urine  during  the  hydrazine 
period  is  markedly  higher  than  with  simple  inanition.    From 
this  one  might  query  whether  the  creatine  was  derived  from 
tissue  disintegration  induced  by  the  condition  of  hypoglycemia. 
Hypoglycemia  after  hydrazine  intoxication  is  not  associated 
^th  the  appearance  in  the  urine  of  any  of  the  topical  compounds 
Uaually  connected  with  the  term  acidosis,  as  ketone  substances, 
'^ctic  add,  etc.     This  has  been  demonstrated  by  Underbill  and 
-tQeiner'  and  by  MacAdam.*    It  became  of  interest  therefore  to 
^^etermine  the  hydrogen  ion  concentration  of  the  urine  as  an 
Vtidex  to  the  changes  taking  place  in  the  body  with  regard  to 
the  acid-base  equiUbrium.     In  the  dog  this  is  exceedingly  diffi- 
cult of  accomplishment  where  catheterization  is  practiced,  owing 
t;o  the  fact  that  error  is  likely  to  be  introduced  in  the  interpreta- 
^on  of  the  results.    For  example,  if  the  urine  showed  a  change 
from  an  add  to  an  alkaline  reaction  it  would  be  difficult  to  de- 
t^ermine  convincingly  whether  the  change  had  occurred  in  the 


I,  R.  C,  and  Benedict,  S.  R.,  /.  Biol.  Chem.,  1915.  xx,  61. 
•  Henderson,  L.  J.,  and  Palmer,  W.  W.,  /.  Biol.  Chem.,  1912-13,  xiii,  393, 
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bladder  or  elsewhere.  Again,  in  order  to  insure  freedom  from 
bladder  infection  it  is  customary  in  this  laboratory  to  allow  a 
few  cc.  of  boric  acid  to  remain  in  the  bladder  after  catheterization. 
It  became  necessary,  therefore,  to  determine  the  hydrogen  ion 
concentration  upon  samples  which  had  been  voided  spontaneously. 
The  results  of  such  a  study  first  during  a  preliminary  starvation 
period  and  then  after  hydrazine  administration  are  given  in 
Table  V.  In  general,  during  the  period  of  inanition  the  urine 
became  progressively  more  acid  whereas  in  the  hydrazine  period 
the  distinctly  acid  urine  voided  at  the  beginning  of  the  period  showed 
a  marked  temporary  change  to  alkalinity  followed  by  a  resumption 
of  the  acidity.  The  decrease  in  hydrogen  ion  concentration 
corresponds  well  with  the  period  of  low  blood  sugar  as  determined 
by  previous  investigations  since  hypoglycemia  obtains  first  from 
the  36th  to  the  48th  hour  after  administration  of  hydrazine  and 
persists  for  less  than  48  hours.  The  alkalinity  of  the  urine  was 
undoubtedly  due  to  the  presence  of  a  carbonate  since  on  acidi- 
fication carbon  dioxide  was  given  oflf. 

These  results  make  it  evident  that  in  hydrazine  intoxication 
the  increased  creatinuria  cannot  be  ascribed  to  a  condition  of 
marked  acidosis.  Taken  in  connection  with  the  data  already 
reported  they  also  lead  to  the  conclusion  that  in  the  consideration 
of  the  cause  of  creatinuria  at  least  two  types  of  factors  may  be 
potent.  In  the  first  place  creatine  may  appear  in  the  urine  in 
conditions  of  acidosis  where  the  question  of  carbohydrate  de- 
ficiency is  not  involved,  and  secondly,  a  marked  creatinuria 
may  be  induced  during  carbohydrate  deficiency  even  when  acido- 
sis is  absent.  A  glance  at  Tables  I  to  IV  will  reveal  one  other 
characteristic  effect  of  hydrazine;  namely,  a  noticeably  increased 
output  of  nitrogen  when  comparison  is  made  with  corresponding 
figures  for  the  period  of  simple  starvation.  Will  this  increased 
nitrogen  output  indicating  tissue  disintegration  account  for  the 
augmented  creatine  excretion? 

The  observations  here  presented  repeat  once  again  the  relation- 
ship existing  between  a  state  of  alkalosis  and  blood  sugar  con- 
tent. A  previous  conomunication^^  has  demonstrated  that  intro- 
duction of  alkali  into  rabbits  may  at  times  appreciably  lower 
blood  sugar  content.     After  thyreoparathyroidectomy^^  in  dogs 

10  Underbill,  J.  Biol.  Chem.,  1916,  xxv,  463. 

"  Trndcrhill.  F.  P.   and  Blathemnck.  N.  R.,  J.  Biol.  Chem.,  19H,  xviii,  87. 
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blood  sugar  may  fall  markedly  and  at  this  period  a  condition  of 
alkalosis'*  exists.  With  hydrazine  hypoglycemia  it  is  probable 
that  the  same  state  is  present.  It  is  apparent  therefore  that 
Ifiere  is  a  dose  retationskip  between  blood  sugar  cordent  and  the 
odd-base  equil^irium  in  Ike  body. 
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"    ; 

12 

2  US 

+ 

1 

).(r 

).(W: 

kilos.       La:<l 

'■      4 

5( 

1  82 

51 

r 

2.S 

1.6 

10& 

meal    24    lirs 

'■      5 

a.u 

1.77 

5; 

1 

3.1 

)  9 

)-092 

previous     1 0 

"      « 

3.8 

l.W 

5j 

u 

2.t 

0  8C 

0  0S«1 

bcgiauiag  of 
experiment. 

Mavis 

6.6 

1.09 

18 

3 

1.6 

0.^ 

0.11 

Animal  well  fed 

1.4)1 

2  W 

a: 

* 

11 

u 

1.:: 

I.S 

!.?• 

),T 

on  mixed  diet 

"     IG 

i.l 

l.IO 

IS 

12 

i.e 

11 

O.I2f 

from  May  7  to 

1  20 

2 ;«: 

ij 

■Si 

42 

5^ 

:  5 

..t 

3.1 

2.3 

i.m 

14.    Lost  meal 

■■    IT 

5.9 

1.51 

2; 

37 

1.5 

3  4 

107£ 

on     May     14. 

1.55 

TOti 

2^ 

47 

;« 

7S 

1.5 

1.5 

2.3 

2  4 

1.102 

MaylS,  ga.m., 

'■    IS 

5.f 

1.45 

]» 

2> 

1  2 

» 

1  m 

subcutaneouA 

DflS 

,4? 

i( 

34 

.15 

6.1 

1  li 

.■; 

lit 

2fi 

injection       of 

"    19 

38 

0  89 

24 

2!) 

2.7 

3.3 

1.098 

bydrastne  huI- 

1  '■■ 

21 

4^ 

■! 

3:- 

2  ' 

2  5 

)4f 

9 

tate,     60    mg. 

"    20 

5.8 

0.«3 

18 

12 

2.2 

14 

0,098 

per  kilo.  No 
food  after  in- 
jeation. 
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TABLE  V. 

''^  ^^^fluence  of  StanHiHon  and  of  Hydrazine  upon  the  Hydrogen  Ion  Con- 
centration of  the  Urine. 


t)M«. 


I>oc». 


Time  of 
micturition. 


Ph 


Do«10. 


Time  of 
micturition. 


Th- 


Sfarvation  period.     T<a8t  meal  May  8,  10  a.m. 

>»Iay   8 

6  p.m. 

7.14 

"      9 

9  a.m. 

7.00 

3  p.m. 

7.40 

*'    10 

9     " 
5  p.m. 

7.38 
7.00 

*    11 

9  a.m. 
5  p.m. 

6.90 
6.90 

9  a.m. 

7  00 

*    12 

9  a.m. 

6.30 

*    13 

9     " 

6.00 

^~^»^«ine  period.    May  25,  subcutaneous  injection  of  50  mg.  per  kilo 

hydrazine  sulfate. 


X.!ay26 

9  a.m. 

5.70 

9  a.m. 

6.15 

«    27 

10    " 

5.70 

12  m. 

6.30 

5  p.m. 

6.70 

5  p.m. 

6.30 

-    28 

9  a.m. 
3  p.m. 
9    " 

7.41 
7.45 
6.70 

10  a.m. 

9.27 

**    29 

9  a.m. 

5  50 

9  a.m. 
9  p.m. 

7.38 
6.00 

"    30 

9  a.m. 

5.70 

SUMMARY. 


le  subcutaneous  administration  of  hydrazine  to  dogs  induces 
^•^•:iarked  creatinuria  which  in  general  closely  parallels  the  period 
hypoglycemia  provoked.    These  observations  corroborate  the 
of  previous  investigations. 
X>uring  the  period  of  hypoglycemia  and  most  marked  creatin- 
the  hydrogen  ion  concentration  of  the  urine  is  greatly  de- 
P^^ssed — even  to  the  point  of  marked  alkalinity.    The  alkaUnity 
l)robably  due  to  the  presence  of  carbonates. 
The  relationship  of  hypoglycemia  and  alkalosis  again  emphasizes 
^^«  significance  of  acid-base  equilibrium  in  the  regulation  of  the 
^l^xxl  sugar  content. 
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The  results  here  presented  make  it  evident  that  creati: 
elimination  in  the  urine  may  be  induced  by  at  least  two  difiT^ 
ent  sets  of  conditions  (1)  creatine  may  appear  in  the  urine 
states  of  acidosis  where  carbohydrate  deficiency  is  not  involvr 
and  (2)  creatiniu*ia  may  be  present  during  carbohydrate  de 
ciency  even  in  the  absence  of  acidosis. 


ALTERATIONS  IN  THE  OUTPUT  OF  CERTAIN  URINARY 

CONSTITUENTS  AS  DETERMINED  BY  CHANGES 

IN  THE  CHARACTER  OF  THE  DIET. 

Bt  frank  p.  underbill  and  L.  JEAN  BOGERT. 

\^r(m  the  Sheffield  Laboratory  of  Physiological  Chemistry,  Yale  University. 

New  Haven,) 

(Received  for  publication,  July  31,  1916.) 

Changes  in  the  character  of  the  diet  may  induce  the  appear- 
ance of  creatine  in  the  urine  or  may  cause  it  to  disappear  there- 
from.    Rabbits  fed  upon  a  mixture  of  com  and  oats  excrete 
creatine  in  the  urine.    A  carrot  diet  causes  the  urinary  creatine 
to  disappear.    The  character  of  the  protein  of  the  diet  plays 
little  or  no  r61e  since  the  urine  eliminated  by  rabbits  upon  a 
mixture  of  com,  oats,   and  carrots  remains  creatine-free.    By 
the  addition  of  hydrochloric  acid  to  the  mixed  diet  creatinuria 
ia  induced.    Since  com  and  oats  are  acid-producing  foods  and 
carrots  are  base  producers,  the  facts  noted  above  with  respect 
to  the  appearance  or  abolishment  of  creatinuria  have  been  ex- 
plained by  the  hypothesis  that  a  condition  of  acidosis,  in  the  sense 
of  base  withdrawal  from  the  body,  is  responsible  for  the  appear- 
^jice  of  creatine  in  the  urine.    This  condition  may  be  abolished 
Or  prevented  by  the  ingestion  of  base-producing  foods,  like  carrots. 
In  view  of  these  fact«  it  seemed  desirable  to  determine  whether 
changing  the  character  of  the  diet  in  the  manner  indicated  above 
'^roiild  effect  alterations  in  the  output  of  other  urinary  constit- 
Vients,  consideration  of  course   being  given  to  the  differences 
in   intake  of  various  components  of  the  diet.    This  attempt 
forms  the  subject  of  the  present  paper,  the  results  obtained  be- 
ing detailed  in  the  tables  appended. 
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Methods. 

The  urine  was  divided  into  24  hour  periods  by  expressing  it 
from  the  bladder  by  pressure  through  the  abdominal  wall.  Total 
nitrogen  in  the  urine  was  estimated  by  the  Kjeldahl  method;  cre- 
atinine by  the  Folin  method;  creatine  according  to  Benedict  and 
Myers;  hydrogen  ion  concentration  by  the  procedure  of  Hender- 
son and  Palmer;  ammonia  by  the  Folin  aeration  method;  phos- 
phorus by  titration  with  uranium  nitrate;  and  calcium  according 
to  McCrudden.  Phosphorus  in  the  food  was  estimated  by  the 
Neumann  method.  The  ''grain  diet"  consisted  of  50  gm.  cracked 
com  and  50  gm.  oats.  The  "carrot  diet"  contained  500  gm. 
fresh  carrots.  The  "mixed  diet"  consisted  of  25  gm.  cracked 
com,  25  gm.  oats,  and  250  gm.  carrots.  During  the  acid  period, 
hydrochloric  acid  was  administered  by  stomach  tube  twice  daily 
at  intervals  of  8  hours  in  the  dosage  of  50  cc.  0.25  n  HCl.  The 
variations  in  the  intake  of  nitrogen  and  phosphorus  on  the  grain 
diet  are  due  to  the  variable  amounts  of  food  actually  ingested. 

The  one  striking  feature  of  the  experiments  may  be  seen  by 
inspection  of  the  tables  relative  to  the  grain  diet.  Compared 
with  the  intake  the  urinary  phosphorus  output  is  very  large.  Dur- 
ing no  other  period  did  this  condition  obtain.  Inasmuch  as 
at  this  interval  the  hydrogen  ion  concentration  of  the  urine  was 
greatest  it  is  probable  that  the  excessive  elimination  of  phos- 
phorus in  this  instance  at  least  may  be  accepted  as  a  means 
through  which  the  rabbit  regulates  the  acid-base  equilibrium  oi 
the  organism.  Ammonia  plays  little  r61e  here  apparently  foi 
in  no  case  was  there  a  significant  excretion  of  this  constituent 
during  the  grain  period.  On  the  other  hand,  the  elimination 
of  ammonia  in  the  rabbit  is  very  diflScult  of  interpretation  foi 
although  the  ammonia  output  in  Rabbits  2  and  3  was  negligible 
throughout  irrespective  of  the  character  of  the  diet  significant 
quantities  of  ammonia  were  excreted  through  the  kidney  by  Rab- 
bit 1,  even  though  a  base-producing  diet  was  fed.  The  output 
was  greatest  when  hydrochloric  acid  was  administered  although 
not  much  greater  than  that  observed  without  added  acid.  With 
Rabbit  4  ammonia  excretion  was  markedly  increased  only  dur- 
ing the  period  of  hydrochloric  acid  feeding.     It  is  probable, 
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then,  that  ammonia  may  play  a  part  in  the  acid-base  equilibrium 
of  "the  body  under  certain  conditions  but  the  exact  circumstances 
wliich  allow  or  prevent  this  type  of  regulation  in  this  manner 
remain  to  be  determined. 

Urinary  calcimn  output  seems  to  be  so  variable  under  the 
e:3cperimental  conditions  that  no  conclusion  regarding  the  sig* 
nificance  of  this  element  seems  justified. 

nrhere  is  the  same  parallelism  between  creatine  output  and 
hydrogen  ion  concentration  of  the  urine  observed  in  previous 
p&pers  from  this  laboratory  upon  the  subject. 

1*he  experiments  demonstrate  beyond  doubt  that  the  excre- 

t.ioo  of  creatine  during  the  grain  diet  cannot  be  explained  by 

insiifficiency  of  food  intake  since  in  all  instances  the  animals 

'Were  imdoubtedly  in  nitrogen  equiUbrium  as' indicated  by  the 

probable  positive  nitrogen  balance.     Diuing  the  carrot  diet, 

on  the  other  hand,  a  negative  nitrogen  balance  is  always  in  order; 

but  creatinuria  does  not  develop,  hence  it  is  evident  that  the 

creatinuria  observed  upon  the  grain  diet  cannot  be  explained 

by  food  insufSciency. 

The  tables  follow. 


Alterations  in  Urinary  Constituents 


TABLE  I. 

RiMit  1,  Male,  l,SeOGm.,  Weight  April  H.  t.SSO  Gm. 


DiM. 

ntskplfarfj. 

V 

■ine. 

D.t., 

1 

i 

1 

z 

la 

1 

1 

1 

J 

ma 

mg. 

r.j). 

«. 

IB- 

m). 

m,. 

•or. 

^tf. 

Mar.  30 

Mixed. 

1,115 

180 

145 

20 

684 

4 

77 

0 

9.2 

"       31 

GraiD. 

1,060 

S4 

m 

32 

920 

ft 

147 

27 

4  71 

April    1 

" 

1,060 

8J 

4;: 

43 

S06 

0 

124 

37 

4.a 

2 

" 

1,U6( 

fW 

41 

«i 

78f 

0 

115 

.56 

4.9 

3 

" 

l,3fr 

1(» 

3^ 

6( 

83C 

6 

KM 

38 

4.9 

4 

" 

i,aw 

lOi 

3:1 

•T.'i 

m 

0 

97 

44 

4.0 

5 

" 

904 

76 

33 

50 

870 

4 

81 

44 

5-a 

Average 

1,131 

89 

41 

1.044 

850 

1 

in 

41 

4.9 

April    6 

Carrot. 

716 

240 

160 

20 

830 

5 

81 

34 

9.2 

7 

715 

24( 

385 

U 

1,102 

20 

m 

0 

]-2 

8 

715 

M) 

354 
299 

lb 

1,092 

13 

90 

0 

8,0 

Avt-ragp 

715 

240 

1.016 

1,008 

12 

93 

11 

8.8 

April    9 

MiTted. 

1,115 

180 

100 

20 

699 

31 

GS 

0 

8.7 

"      10 

" 

1,115 

ISO 

150 

21 

783 

3a 

»5 

0 

8.7 

Average 

1,115 

180 

155 

1.020 

741 

34 

7f) 

0 

8.7 

April  11 

Mixed 
+HCI. 

1,115 

180 

238 

11 

739 

49 

84 

48 

8.0 

"       12 

" 

1,115 

IH( 

24( 

1: 

727 

40 

91 

.51 

7.3 

"      13 

1,115 

180 

190 

30 

658 

31 

95 

28 

0.9 

Avcragt. 

1.115 

180 

222 

1.017 

702 

40 

90 

42 

7.4 

April  14 

Carrot. 

71S 

240 

300 

21 

776 

IS 

122 

0 

9.S 

"       15 

715 

241 

39 

I. 

1.176 

45 

12( 

0 

).a 

•'       10 

715 

240 

332 

14 

1,155 

14 

102 

0 

D.! 

Average 

715 

240 

340 

1.016 

1,035 

25 

114 

0 

g.s 
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TABLE  IL 

SoWnt  «,  -WoJe,  S.W  Om..  Weight  April  H,  S.IOO  Gm. 


Diet. 

InUkfi  (((ud) 

Urine. 

r>.i«. 

1 

2 

1 

1 

^1 

1 

a 

1 
1 

j 

■. 

1 

ieiB 

mt- 

*w. 

).0- 

m«. 

«.«. 

n#. 

*.(. 

m». 

mi. 

Mar.   30 

Mixed. 

1,115 

180 

290 

17 

1,378 

0 

162 

0 

3.27 

138 
1.55 

32 

*•       31 

Grain. 

1.060 

K4 

93 

20 

699 

0 

9.5 

n 

7,4S 

2fi 

April     1 

" 

1,0« 

8- 

47 

2t 

386 

■  0 

7( 

0 

fi.nt 

S.5 

7 

2 

" 

l.Otil 

* 

iw 

22 

I,fi7.i 

3 

19( 

21 

5  7( 

xe 

IR 

3 

" 

1,06( 

a^. 

Si 

17 

67J 

6 

97 

13 

600 

125 

20 

4 

" 

l.Otil 

.V 

142 

l< 

1,1.1' 

0 

12-. 

.i:t 

i.7( 

21  :■ 

27 

5 

" 

&33 

a* 

110 

13 

913 

0 

119 

50 

5.70 

a. 09 

163 
174 

22 

Average 

1,022 

SI 

no 

1.018 

917 

1 

115 

23 

20 

April     6 

Carrot. 

715 

240 

28S 

10 

1,3S1 

15 

142 

0 

8.70 

IIS 

27 

7 

" 

71.') 

24f 

r)9^ 

12 

1,143 

0 

W> 

(1 

9  27 

76 

15 

8 

" 

715 

240 

510 

396 

15 

1,679 

0 

146 

0 

8  00 

124 

66 

Average 

715 

340 

1.012 

1.400 

5 

127 

0 

8,65 

106 

36 

April      9 

Miwd. 

1.115 

ISO 

214 

2fl 

1,000 

fl 

106 

0 

S.70 

59 

61 

10 

" 

I. US 

ISO 

156 
ISS 
128 

18 

843 

0 

108 

0 

8.70 

89 

49 

.^^er^ 

1,115 

180 

1  019 

921 

0 

107 

0 

3.70 

74 

55 

Apri       1, 

Mixed 

1,115 

ISO 

12 

I.II.T 

0 

IS7 

0 

s.oo 

179 

31 

+HC1. 

12 

1,115 

1S( 

2nf 

12 

1.2lf 

3 

13( 

56 

l,9( 

18S 

62 

13 

1,115 

ISO 

174 

37 

1.166 

3 

125 

59 

5  70 

16S 

56 

Vv«..^ 

1.115 

180  264 

1  020 

1,299 

2 

147 

38 

6.20 

178 

49 
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TABLE  m. 
RMnt  S,  MaU,  t,SK  Om.,  Weight  April  II,  S.tSO  Gm. 


Diet. 

totalis  (food) 

u 

rine. 

DUa. 

1 

1 

1 

t 

1 

K 

z 

1 

j 

^. 

i 

fucr 

m. 

<ni7. 

«. 

^(^- 

•no- 

ng. 

rtj. 

mg. 

w 

Mar.  30 

Mixed. 

1,U5 

180 

145 

20 

583 

S 

85 

0 

9.27 

"      31 

Grain. 

1,060 

84 

60 

26 

681 

0 

101 

0 

8-00 

I 

April    1 

" 

l.OW 

8^ 

5:: 

3i 

76f 

3 

lOf 

8 

6.0( 

1 

"         2 

" 

},m 

W 

54 

^ 

HOf 

ft 

101 

H 

5  7( 

) 

3 

" 

90S 

72 

5{ 

3( 

811 

0 

IIJ 

14 

5,7t 

1 

"         4 

'■ 

m 

7; 

6; 

a 

m 

1 

»l 

23 

5,7( 

1 

5 

" 

682 

54 

64 

27 

850 

0 

81 

39 

3,70 
G  13 

1 

Average 

M6 

75 

59 

1.029 

799 

0.6 

98 

15 

J 

April    6 

Carrot. 

716 

240 

174 

17 

1.037 

1 

90 

0 

8.70 

"        7 

" 

715 

24( 

■AH. 

IS 

i,i4r 

<) 

\(» 

0 

■*.7(. 

"        8 

" 

715 

240 

326 

17 

723 

0 

100 

0 

8,00 

1 

Average 

715 

240 

283 

1.018 

967 

0.3 

101 

0 
0 

S.46 
^,00 

April    9 

MixeJ. 

1,115 

180 

190 

17 

729 

0 

w 

1 

"       [ft 

" 

1,115 

180 

172 

17 

611 

0 

101 

0 

^M 

1 

Average 

1.115 

180 

ISO 

1.017 

820 

0 

05 

0 

8-00 

1 
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Rabbit  4,  MaU,  1,980  Gm.,  Weight  April  11,  t.oeo  Om. 
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DiM. 

tat>l»lf«>d) 

Diina.   ' 

»«.. 

1 

i. 

J 

4 

I 

1 
J 

J 

J 

1 

IttI 

mt. 

mt. 

« 

LO- 

-g- 

-mt. 

in*. 

mt- 

mg. 

■* 

Mm.  30 

.Mixed. 

1,115 

180 

155 

IS 

m^ 

0 

82 

0 

9.27 

81 

26 

"      31 

Grain. 

1,060 

H4 

45 

X, 

rm 

0 

90 

n 

8,70 

134 

10 

■*.I)rii    1 

1,0« 

84 

2f 

S( 

45< 

0 

SI 

0 

6% 

9t 

14 

2 

" 

1,06( 

84 

25 

55 

54; 

4 

95 

6 

i.a 

1« 

2S 

•"       3 

" 

i,oa 

84 

4( 

4: 

605 

0 

7:- 

ifi 

5.:tc 

14f 

7 

4 

" 

757 

« 

4( 

47 

76.- 

2 

61 

22 

5  7t 

157 

28 

3 

" 

757 

60 

41 

4.3 

662 

D 

62 

22 

5-70 

138 

42 

AYKTAge 

859 

76 

36 

1.016 

647 

1 

77 

11 

6.28 

129 

21 

-Vpril    6 

Carrot. 

715 

240 

270 

12 

I.OIO 

5 

ini 

13 

t.27 

flO 

IB 

7 

" 

715 

a* 

402 

I.' 

985 

a 

80 

0 

8.7( 

95 

24 

"        8 

" 

715 

340 

380 

15 

759 

0 

73 

0 

S.70 

72 

19 

Arerage 

715 

240 

350 

1.013 

918 

3 

37 

4 

S.89 

82 

22 

-%pril    9 

Mixed. 

1,113 

180 

1.W 

20 

736 

5 

73 

0 

8.70 

70 

20 

"      10 

" 

1,115 

ISO 

158 

19 

638 

7 

SI 

0 

8.70 

76 

46 

Average 

1,115 

180 

1.58 

1019 

687 

6 

78 

0 

8,70 

76 

33 

^pril  11 

Mixed 

1,115 

180 

262 

12 

794 

12 

109 

0 

7,4S 

115 

37 

"       12 

+HCI. 

1.113 

180 

206 
J34 

21 

1,108 

25 

67 

73 

5,30 

141 

48 

Are  rage 

1,115 

180 

1  016 

951 

18 

88 

36 

6,39 

128 

43 

Upon  a  diet  of  com  and  oats  the  output  of  phosphorus  in  the 
Valine  of  rabbits  is  far  in  excess  of  the  intake  of  this  element  in 
the  food.  Since  the  hydrogen  ion  concentration  of  the  urine 
*s  very  high  under  these  circumstances  the  great  excess  of  phos- 
phoric acid  in  the  urine  may  be  regarded  as  a  method  of  regulat- 
ing acid-base  equilibrium  in  the  body  of  the  rabbit. 
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Ammonia  excretion  is  variable  under  changing  conditions  of 
diet,  and  although  it  appears  that  this  base  may  function  as  a 
Qeutralizing  agent  at  times,  further  experiments  are  necessary 
before  the  laws  of  ammonia  excretion  in  the  rabbit  can  be 
formulated. 

Calcium  elimination  is  too  variable  to  justify  inferences  be- 
ing drawn  under  the  experimental  conditions. 

The  results  obtained  indicate  that  the  creatinuria  observed 
upon  a  grain  diet  cannot  be  explained  upon  the  hypothesis  of 
food  insufficiency. 


THE    INTERRELATIONS  OF  BLOOD  FAT  AND  BLOOD 
SUGAR  CONTENT  OF  DOGS  UNDER  THE 
INFLUENCE  OF  HYDRAZINE. 

By  frank  p.  UNDERHILL  and  KMIL  J.  BAUMANN. 

Fr^m  the  Sheffield  Laboratory  of  Physiological  Chemistry,  Yale  University, 

Xew  Haven.) 

(Received  for  publication,  July  31,  1916.) 

The  metabolism  of  carbohydrate  and  that  of  fat  are  closely 

^^sociated  and  interdependent.     This  relationship  is  more  evi- 

^^nt    under   conditions   of   abnormal   metabolic   activity   than 

*t  is  ^hen  the  nutritive  rhj'thm  remains  undisturbed.     The  most 

striking  instances  of  the   interrelationships   of  fat  and  carbo- 

"Xcirate  in  metabolism  are  to  be  obser\^ed  in  the  pathological 

"^-^t^s   induced   by   intoxication   with    phosphorus,    phlorhizin, 

^^<i   hydrazine,  and  in  alcoholism  and  diabetes,  which  are  char- 

^^trorized  by  the  so  called  *'fatty"  livers.'     In  general  a  "fatty" 

'^~^f  is  associated  with  a  deficienc}-  of  carbohydrate  in  that  or- 

^^  ^  «      The  "sugar-hungry  cells''  attract  fat  to  themselves  in  much 

ter  quantity  than  they  can  burn  it.*    This  implies  trans- 

of  fat  through  the  blood  stream.     Under  ordinarj'  nutritive 

lamstances  the  fat  content  of  dogs  is  quite  constant  for  the 

J^^i^'idual  and  for  the  species,  which  indicates  an  efficient  regu- 

^^i^::in.*    The  blood  fat  content  therefore  may  be  regarded  as 

J!^-^^*'     of  the  body  constants  like  the  blood  sugar  content;  and 

*^^    it  is  subject  to  de\'iation  by  a  variety  of  agencies.     The 

^^^'tiors  which  are  potent  in  causing  changes  in  blood  fat  content 

^^*«  not  been  sufficiently  studied  to  correlate  them  with  those 

*^ich  are  eflfective  in  producing  alterations  in  blood  sugar  content. 

It  has  been  demonstrated  repeatedly  that  administration  of 

^^   For  a  discussion  of  the  subject  see  Rosenfeld.  Ergebn.  Phijsiol.,  1902, 
^'  ^51;  1903,  ii,  50. 

**  Mandel,  A.  R.,  and  Lusk,  G.,  .4m.  /.  PhysioL,  1935.  xvi,  129. 
•  Bloor,  W.  R.,  /.  Biol.  Chem..  1914,  xix.  1. 
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hydrazine  to  dogs  causes  low  blood  sugar  content,  loss  of  glyco- 
gen from  both  the  liver  and  muscles,  and  induces  a  "fatty' 
liver.  The  "fatty''  liver  presupposes  fat  infiltration  with  b 
consequent  transport  through  the  blood  stream.  Is  the  "fatty' 
liver  produced  by  the  storage  of  fat  from  the  blood,  the  amount 
of  fat  in  the  latter  remaining  unchanged,  or  is  there  an  actua 
increase  of  the  fat  of  the  blood  during  hydrazine  intoxication' 
If  blood  fat  is  augmented  under  these  circumstances  does  i1 
bear  any  relation  to  blood  sugar  content?  These  are  questiom 
which  seem  of  fundamental  importance  in  a  consideration  of  the 
mechanism  of  blood  fat  regulation.  They  form  the  subject 
of  the  present  investigation. 

Methods. 

Dogs  under  the  influence  of  hydrazine  refuse  food  or  fail  tc 
retain  it.  Hence  a  fasting  condition  is  inevitable  in  hydrazine 
experimentation.  Results  obtained  by  the  action  of  this  poisor 
should  therefore  be  interpreted  with  respect  to  the  eflfects  pro- 
duced by  fasting  alone.  Accordingly  dogs  were  fasted  foi 
periods  of  6  days,  determinations  of  the  blood  fat  and  blooc 
sugar  being  made  daily  upon  samples  obtained  from  a  margina 
ear  vein.  Blood  fat  was  estimated  by  the  method  of  Bloor 
with  a  Richards  nephelometer.  Blood  sugar  content  was  de- 
termined in  part  by  the  procedure  of  Forschbach  and  Severir 
and  in  part  by  that  of  Benedict  and  Lewis.  Subsequent  to  the 
fasting  period  the  animals  were  well  fed  with  mixed  diefe 
for  varying  intervals  and  were  then  given  subcutaneous  injec 
tions  of  hydrazine  sulfate  in  the  dosage  of  50  mg.  per  .kil( 
body  weight.  Blood  fat  and  blood  sugar  content  were  thei 
determined  as  in  the  fasting  period  except  that  the  estima 
tions  were  carried  through  at  12  hour  intervals. 

The  results  obtained  with  five  dogs  are  presented  in  the  table 
During  the  fasting  period  there  is  a  general  tendency  foi 
blood  fat  content  to  diminish  in  the  first  days  of  inanition.  Thi! 
decrease  is  followed  by  an  augmentation  of  the  blood  fat  some 
what  beyond  the  initial  value.  The  outcome  of  these  experi- 
ments is  somewhat  different  from  that  of  Bloor  who  found  eithei 

*  Bloor,  J,  Biol.  Chem,,  1915,  xxiii,  317. 
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an  increase  of  blood  fat  at  first  followed  by  a  decrease,  or  else 
there  was  no  increase.^  Our  animals  were  taken  at  random 
but  were  all  in  a  well  fed  condition.  The  agreement  in  blood 
fat  of  the  different  animals  is  fairly  close  and  tends  to  confirm 
Bloor's  statement  that  blood  fat  is  quite  constant  for  the  species. 
There  seems  to  be  little  or  no  relation  between  blood  fat  and 
blood  sugar  content  during  the  period  of  starvation  studied. 

In  the  hydrazine  period  blood  fat  shows  an  increase  to  a  maxi- 
mum which  is  coincident  with  the  condition  of  hypoglycemia  in- 
duced by  hydrazine.  As  blood  sugar  content  regains  the  normal, 
blood  fat  assumes  a  value  -approximating  that  of  the  fasting 
period. 

Whether  blood  sugar  content  regulates  the  blood  fat  or  whether 
both  sugar  and  fat  in  the  blood  are  controlled  by  some  other 
mechanism  must  be  determined  by  future  investigation. 

SUMMARY. 

In  the  first  days  of  fasting  there  is  a  tendency  for  the  blood 
fat  of  dogs  to  be  decreased.  This  period  is  followed  by  one  in 
which  there  is  an  increase  of  fat  content  to  approximately  the 
initial  value. 

There  seems  to  be  little  or  no  relation  between  blood  fat  and 
blood  sugar  content  during  the  interval  of  inanition  studied. 

In  hydrazine  poisoning  blood  fat  is  markedly  increased^  the  maxi- 
mum being  coincident  with  the  condition  of  hypoglycemia  charac- 
teristic of  hydrazine.  Blood  fat  returns  to  the  fasting  value 
as  the  sugar  of  the  blood  regains  the  normal. 


The  nutritive  value  of  yeast,  polished  rice, 
and  white  bread,  as  determined 
by  experiments  on  man. 

ter  CASLMIR  FUNK,   W.  G.  LYLE,  and  DONALD  McCASKEY. 

In  Cooperation  with  Joseph  Caspe  and  Joseph  Poklop. 

rom  the  Harriman  Research  Laboratory  and  the  Huntington  Fund,  Memo- 
rial Hospital  and  Loomis  Laboratory,  New  York.) 

(Received  for  publication,  August  3,  1916.) 

Heretofore  the  vitamines  in  foods  have  been  disregarded  in  all 
K^utrition  experiments  on  man. 

The  experiments  performed  on  four  normal  men,  as  described 
ii3  this  paper,  were  imdertaken  with  the  view  to  determining  pri- 
x^oarily  the  food  value  of  a  \itainine-free  diet  as  compared  with 
One  containing  vitamines.     It  was  foimd,  however,  that  to  insure 
K^liable  results  the  experiment  should  be  carried  over  a  much 
longer  period  of  time  than  we  were  able  to  devote  to  it,  but  as 
x:netabolism  experiments  on  man  fed  on  a  diet  of  such  simple  com- 
position, and  imder  such  exact  conditions,  are  so  imusual  this 
<x>ntribution  may  be  of  value.    A  survey  of  the  work  of  the  past 
20  years  was  covered  during  this  exp)eriment,  and  we  find,  where 
^€he  problem  of  a  protein  minimiun  is  considered,  that  there  are 
^wo  distinct  theories. 

Abderhalden  (1)  and  his  school  claim  that,  as  the  composition 
of  the  body,  and  especially  of  the  blood  proteins,  is  so  different 
from  food  proteins,  the  best  protein  minimum  can  be  obtained 
by  feeding  proteins  of  the  same  species. 

Hindhede  (2),  on  the  contrar>%  was  able  to  show  that  when  using 
potatoes  as  practically  the  only  food,  1  gm.  of  the  absorbed  po- 
tato nitrogen  is  equivalent  to  1  gm.  of  bod}'  nitrogen.  The  ex- 
periments of  the  latter  author  are  carried  over  such  a  long  period 
that  they  can  be  regarded  as  entirel}'  conclusive.  One  cause  of 
discrepancy  of  opinions  on  this  question  is  that  the  importance 
of  vitamines  in  metabolism  has  been  overlooked  in  most  of  the 
more  recent  experiments.  It  was  pointed  out  some  time  ago  by 
one  of  U8  (3)  that  when  vitamines  are  absent  in  the  food  mixture, 
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all  animal  organisms  supplied  with  a  complete  food,  especially 
as  regards  all  the  necessary  amino-acids,  will  in  spite  of  this  come 
into  a  negative  balance  if  the  experiment  is  conducted  sufficiently 
long.  Hardly  any  workers  in  the  field  of  metabolism  have  real- 
ized the  importance  of  this  vitamine  factor,  and  some  of  the 
conclusions  as  to  the  adequacy  of  proteins  or  protein  mixtures 
may  be  erroneously  attributed  to  the  incompleteness  of  the  pro- 
tein. In  numerous  metabolism  experiments  on  dogs  Abderhal- 
den  (1)  and  his  school  have  disregarded  the  vitamine  factor  en- 
tirely. They  often  compare  a  food  containing  artificially  digested 
meat  and  vitamines  with  a  food  mixture  deficient  in  these  latter 
ingredients.  Hindhede  (4),  on  the  contrary,  takes  this  vitamine 
factor  into  account  and  gives  a  potato  diet  on  which  no  deficiency 
diseases  occur  (5).  Studying  the  earlier  literature  on  protein 
minimum  we  find  that  the  work  of  Mimk  (6)  and  of  Rosenheim 
(7)  gives  a  typical  illustration  of  the  point  we  wish  to  emphasize. 
Dogs  which  they  used  in  their  experiments  were  given  both  rice 
and  meat  powder,  but  they  overlooked  the  fact  that  the  greater 
part  of  the  vitamines  was  lost  by  drying  and  heating.  The 
authors  gradually  decreased  the  meat  in  the  diet  and  replaced  it 
by  more  carbohydrates  in  the  form  of  rice.  As  the  result  of  this 
procedure  the  dogs  showed  a  negative  nitrogen  balance  and 
some  of  them  died  of  the  effects  described  by  Schaumann  (8) 
when  he  fed  them  on  extracted  meat;  the  others  recovered  when 
fresh  meat  was  added. 

We  know  now  through  the  work  of  one  of  us  (9)  and  of  Brad- 
don  and  Cooper  (10)  that  the  amount  of  carbohydrates  in  the 
diet  cannot  be  increased  indiscriminately,  as  a  certain  amount 
of  vitamine  can  take  care  of  only  a  limited  amount  of  carbohy- 
drates. In  other  words,  there  must  be  a  fixed  ratio  between  the 
vitamine  content  and  the  carbohydrate.  If  this  ratio  is  de- 
stroyed, disordered  nutrition  of  the  tissue  cell  occurs.  The  con- 
clusions of  Munk  and  Rosenheim  that  dogs  require  a  large  supply 
of  protein  are  erroneous,  as  some  years  ago  Funk  performed 
metabolism  experiments  in  which  dogs  were  readily  brought  into 
nitrogen  equilibrium  with  meat  pow^der  or  milk  powder,  while 
difficulties  were  encountered  when  they  were  fed  on  edestin 
or  gliadin.  In  one  of  the  experiments  of  Abderhalden  and  Funk 
(11),  where  comparative  studies  were  made  as  to  the  value  of 
edestin  and  gliadin,  a  great  number  of  the  dogs  died.    In  one  case  a 
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iutxx)gen  equilibrium  was   established  for  a  short  period  with 

gli^i.<iin  but,  notwithstanding,  the  dog  steadily  lost  weight.    We 

do    fiot  wish  to  minimize  the  importance  of  aromatic  amino-acids, 

cvT^f^ine,  trytophane,  and  lysine,  but  we  wish  to  point  out  that 

m^kxiy  of  the  experiments  on  the  necessity  of  certain  amino-acids 

fih><=^\ild  be  repeated  by  taking  the  vitamine  factor  into  account. 

In  studies  on  protein  minimum  this  latter  condition  should 

receive  consideration.     In  a  recent  paper  of  Abderhalden, 

lor,  and  Rose  (12)  we  find  a  comparative  study  of  the  food 

vs^Xiie  of  potatoes  as  compared  with  whole  bread  and  white  bread. 

TKife.^  protein  minimum  was  lowest  in  the  case  of  potatoes  (4.5  gm. 

ni^iogen),  higher  with  whole  meal  bread  (7.0  gm.  nitrogen),  and 

stiXl  higher  with  white  bread  (9.+  gm.  nitrogen),  a  possible  rea- 

sojKn  being  that  the  white  bread  was  deficient  in  vitamines.^ 

EXPERIMENTAL. 

Jour  of  the  members  of  the  laboratory  stafiF  volimteered  their 
8C5:a.  vices  in  the  feeding  experiments  with  yeast,  white  rice,  and 
b:K*^3ad,  and  continued  their  duties  during  the  whole  experimental 
P^^»od.  Our  diet  before  the  experiment  was  of  normal  variety 
*^*^<i  quantity,  in  contrast  to  former  investigations,  in  which 
^*=^^  subjects  even  before  the  experiment  were  accustomed  to  eat 
^•^^^Dd  without  change  or  variety.  The  attempt  was  made  to  live 
^^■^  yeast*  as  the  only  source  of  nitrogen.  During  the  preliminary 
l^'^riod  the  amount  of  nitrogen  in  the  excreta  was  studied  imder 
^^^rmal  dietary  conditions.  The  necessary  amount  of  calories 
then  supplied  in  the  form  of  fruit  and  vegetables.  These 
'^re  chosen  to  contain  the  minimum  amoimt  of  nitrogen  and  a 
^»ill  smaller  amount  of  protein  nitrogen. 

Although  yeast  has  been  extensively  used  for  feeding  cattle  for 
number  of  years,  its  use  for  human  consiunption  has  been  sug- 
only  recently  in  German}',  owing  to  the  scarcity  of  meat, 
a  meat  substitute  it  was  strongi}'  reconmiended  by  Schottelius 
V  13),  who  has  used  it  in  quantities  of  50  to  75  gm.  dail}'  in  addi- 
tion to  the  ordinary  diet,  and  he  claims  that  it  is  well  utilized  in 

^  Averages  in  feces  were:  Oxi  potatoes  0.4  to  0.7  gm.  nitrogen,  in  whole 
^^lieal  bread  1.6  to  1.9,  and  in  the  case  of  white  bread  1.5  gm.  nitrogen. 
*Xlie  lower  value  of  white  bread  is  therefore  not  due  to  faulty  assimilation. 

'  Yeast  used  by  us  was  a  dried  anaerobic  yeast  preparation  which  was 
l>ut  at  our  disposal  by  the  American  Pure  Yeast  Company  of  New  York. 
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the  human  body.  Before  undertaking  our  experiments  we  tried 
the  availability  of  yeast  in  rats,  substituting  it  for  casein  nitrogen. 
The  animals,  records  of  which  will  be  published  later,  show  that 
young  rats  can  live  on  yeast  as  the  sole  nitrogen  source  for  quite  a 
long  while,  although  it  has  not  yet  been  proven  whether  they  can  sub- 
sist on  it  indefinitely.  The  experiment  showed  that  yeast  con- 
tains a  protein  apparently  complete  as  to  its  composition  in  amino- 
acids,  corroborating  Neuberg's  work  (14)  on  the  proteins  of  yeast. 
But  there  was  some  difficulty  in  determining  how  much  of  the 
yeast  nitrogen  is  represented  by  protein  nitrogen.  Neuberg,  by 
a  compUcated  method,  ascertained  that  yeast  protein  somewhat 
resembles  casein,  and  amoimted  in  Schroeder's  yeast  to  48.3  per 
cent  of  the  total  nitrogen,  whereas  the  bottom  fermentation  yeast 
K,  from  the  Institute  for  Brewing  in  Berlin,  was  found  to  contain 
only  46.3  per  cent.  Bokorny  (15)  states  that  yeast  in  a  dried 
state  contains  60  per  cent  protein.  We  also  attempted  to  deter- 
mine the  protein  content  of  our  yeast  and  foimd  that  the  usual 
method  of  determination,  as  used  by  Stutzer,  failed  completely. 
This  method  showed  that  about  90  per  cent  of  the  yeast  nitrogen 
was  protein  nitrogen.  Finally,  we  tried  to  estimate  the  yeast 
nitrogen  indirectly  by  determining  the  piu-ine  base  nitrogen,  and 
for  this  determination  followed  the  method  of  Burian  and  SchuT 
(16),  hydrolyzing  the  yeast  with  dilute  sulfuric  acid  and  precip- 
itating the  piu'ine  bases  in  an  alkaline  solution,  with  sodium  bi- 
sulfite and  copper  sulfate,  then  estimating  the  nitrogen  in  the 
copper  precipitate.  In  this  way  we  recovered  13  per  cent  oi 
the  yeast  nitrogen  as  purine  bases,  which  undoubtedly  was  toe 
low  a  figure. 

The  literature  records  only  a  few  actual  metabolism  experi- 
ments with  yeast,  one  of  Praussnitz  and  Menicanti  (17),  and  an- 
other of  Thomas  (18),  who,  while  experimenting  with  other  food- 
stuffs, prepared  a  pressed  yeast  with  butter,  and  used  it  for  3 
days.  The  nitrogen  balance  in  this  case  was  negative  with  over 
4  gm.  of  nitrogen  in  the  form  of  yeast.  The  yeast  was  well  ab- 
sorbed as  shown  by  the  feces  nitrogen,  which  wsts  rather  low. 

The  utilization  of  yeast  was  insufficient  in  our  experiment 
where  yeast  was  taken  for  nearly  a  fortnight,  as  the  nitrogen 
content  of  feces  was  high,  and  in  some  instances  undigested  yeast 
was  detected.     With  two  out  of  four  persons  a  practically  poei- 


C.  Funk,  W.  G.  Lyle,  D.  McCaskey  177 

^^e  balance  was  obtained  for  several  clan's.  The  experiments 
^ere  performed  in  the  beginning  of  June,  when  cold  weather 
l^s^evailed  and  some  difficnlt}*  was  experienced  in  maintaining 
txxlily  heat.  In  spite  of  the  ^mall  food  supply  there  was  no  crav- 
U3S  for  food.  The  bowels  moved  with  r^ularity  and  no  diarrhea 
occurred.  The  bad  utilization  of  yeast  may  be  partially  due  to 
Xlie  fact  that  the  yeast  had  a  disagreeable  taste  and  was  un- 
S>Ieasant  to  eat  for  any  length  of  time. 

During  the  second  period  the  diet  consisted  of  white  rioe,  white 
bread,  and  butter.    We  had  very  much  less  nitrogen  in  this  form 
Kumagawa  (19),  who  weighed  49  kg.,  and  took  600  gm. 
^  100  gm.  Miso  (a  fermented  mixture  of  rice  and  beans),  10  ee. 
ija,  GOO  ec.  beer,  28  gm.  sugar,  300  gm.  of  turnip-cabbage,  and 
C€.  tea,  averaging  8.75  gm.  nitrogen  per  da\\    Our  vitamine- 
purine-free  diet  was  supplemented  in  the  later  period  by  vita^ 
frmn  50  cc.  of  autolyzed  3'east,  prepared  according  to  the 
snethod  of  Seidell  (2p),  using  Lloyd's  reagent,  a  colloidal  alumi- 
xiinn  silicate  preparation  of  unknown  composition. 

In  (me  case  which  was  kept  as  a  control,  the  vitamine  was 
omitted.  We  were  unable  to  find  that  upon  its  addition  the  bal- 
ance became  more  positive.  The  reason  for  this  may  be  ascribed 
^to  the  shortness  of  the  experiment,  or  to  the  fact  that  the  vita- 
xiiine  iHvparation,  made  in  the  above  mentioned  way,  was  not 
sufficiently  active. 

An  added  interest  in  our  metabolism  experiments  was  the 
chemical  examination  of  blood.  The  negative  balance  found  is 
partially  due  to  this,  and  although  the  nitn^n  lest  in  this  way 
was  determined,  it  was  not  included  in  the  balance,  as  the  blood 
nitrogen  is  partially-  composed  of  food  nitrogen  already  assimi- 
lated, and  partially  of  nitrogen  which  would  be  subsequently 
eliminated  through  the  kidney  or  through  the  intestinal  tract. 
The  loss,  however,  is  added  in  the  blood  analyses.  On  the  days  of 
the  chemical  blood  examinations,  a  partition  of  the  different  ni- 
trogenous constituents  of  the  urine  was  also  determined.  This 
had  been  done  once  before  in  a  metabolism  experiment  by  Folin 
(21),  but  in  his  case  the  nitrc^en  intake  was  held  to  normal 
Emits  (about  16  gm.).  In  a  few  instances  on  the  \'itamine-free 
diet  the  sugar  in  the  urine  was  determined  by  Bertrand*s  method. 
Although  the  blood  sugar  was  not  more  than  usual,  the  urinary 

ir  BiOft4XtiCAL  omnBTBT.  xxTn.  iro.  1 
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sugar  was  much  higher  than  in  normally  fed  cases,  as  determined 
by  the  same  method  by  Funk  (22).  This  may  be  due  to  ali- 
mentary glycosuria  following  a  high  carbohydrate  diet,  or  may 
be  analogous  to  the  findings  of  one  pf  us  with  Schonborn  (23)  in 
pigeons,  where  a  considerable  increase  in  blood  sugar  was  found 
on  a  rice  diet.  We  shall  soon  begin  to  investigate  this  problem 
in  diabetics  on  vitamine-free  and  vitamme-containing  diets. 

The  nitrogen  content  of  foodstuffs  consumed  by  us  was  deter- 
mined actually  in  all  instances.  The  feces  at  the  beginning  of 
the  feeding  experiment  were  marked  by  feeding  charcoal.  In 
the  second  period  this  was  not  necessary,  as  the  color  changed 
from  brown  to  light  yellow.  On  resuming  a  normal  diet  diarrhea 
developed  in  three  out  of  the  four  cases. 

TABLE  I. 

Nitrogen  Contained  in  the  Foodstuffs  Comumtd  Durino  tht  Experiment. 

Dried  yeast 9.53  Banana 0.31 

Onion  yellow 0.31  Sweet  chocolate 0.071 

Sauerkraut 0.277  Tea  biacuit 1.4! 

Butter 0,055  Bread  (baker's) 1.27 

Apple 0,096  Tea,  ; 


Tomato  soup 

Rice 1.21 

Veast  vitaminc,  50  cc.  auto- 

lyzed 0.07) 

Cote  I. — A  normal  vigorous  maj 

beginuing  of  the  experiment. 

Diet  (Gm.). 

Yeast  period. 

Yeast 

Apple  

Banana 

Chocolate 

Tea,  cc 

Butter 

Orange 

Sauerkraut,. 
Tomato 


Tomato 0,71 

Orange 0.282 


years  old,  weighing  7S  kg.  a    the 


JTL 


Rice  sod  bread  period. 


^«m€i. I           j  238  163     237  237   238   238   238    - 

Tc*  tMMQit..  .  I  201   1S3  I 

^«ti--r 100   50   62  87   52  74  115  «  1H-. 

^«*- 200|200!2tl^  300!2002002002a]Z}0.- 

**"»T*r.  «...          3,0001.776'  KM,  l.OOl;  7oOJ  »l   779|  851    6M.- 


Experiment.  Ciut  I. 


33.5     79  4  I 
45  0  j  78  9  I 


Y 

afl  period. 

« 

3  SO 

8.06 

6.701  36 

830     1  36.0  1  78  0  ,-4  46 

7 

3-71 

11  56. 

10.95|0.63 

1.840 

210     "*'-'24 

8 

5«2 

11  24 

10  61 »  63 

1,540/ 

77.4  ;-5  32 

0 

7.S7 

9.86 

706:2.80 

1,180 

520 

77.1    -1.89 

Blood 
taken. 

JO 

7.21 

8  51 

6.791.72 

1,130 

33  7 

77.1    -1.3ll 

11 

1  7.13 

8.02 

6.92,1.10 

2.ieo1 

30.0 

76.6  '-0,89! 

12 

;  7  31 

7.W 

6  84il   11 

1,350;' 

76  6  j-0.6(^ 

Blood 

1 

i           1 

tAkeo. 

13 

7.» 

9.8L 

s.id 

S<ei.76 

1,270     ,25.0 

76.6  .-1.92 

14 

6.66 

5  530  57 

5001 

76,4  :+0,56 

Blood 

i     20.0 

' 

taken. 

15 

6.47 

974 

9.160  58 

l,450j  1           1  73  7    -3  26 

16 

\  6  9B 

1 

13.62 

9  8S3.74 

1,760     i  66  0     75  2    -6  63 

1             1             1 

Blood 
taken. 

17 

,7.3. 

9.76 

8  19|l  57 

2,130    1  24,7  i  75,0  |-2,42 

Rice  and  bread  period. 


as 

5.» 

5.96' 

439'l.57 

.•«. 

34  7 

766 

-061 

M 

5.03 

940, 

7  222  18 

730 

77.1 

-4  37 

a» 

547 

10,1^ 

7.94  2  18 

1.450 

76  2 

-4  65 

31 

4.54 

8  191 

i 

7  420  77 

MOO 

74  6 

-3  64    Blood 

taken. 

22 

5.« 

7.54, 

6770.77 

7Wj 

5S0 

75.0 

-200 

23 

547 

6.52' 

5  750  77 

460 

74.4 

-l.OS 

34 

550 

8  04: 

7  270  77 

660 

74  5 

-254 

■s 

S.4D 

5.64; 

4.87.0.77 

340 

74  fi 

-0  15 

26 

550 

•H 

6.21I0.77 

400j 

"' 

-1.48'  Blood 

taken. 
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Urine  Analyns,  Cote  I. 


DUt 

Um. 

CiHtiDim. 

Drio  acid. 

VDlunia. 

Buw 

June 

^ 

tm. 

gm. 

tm. 

«. 

gm. 

9 

0.510 

10.6 

1.04 

0.895 

1,120 

12 

0.5M 

10.6 

1.57 

0.90 

1,350 

14 

0.30* 

9.95 

0.826 

0.53 

500 

16 

0.790 

15.4 

O.SW 

1.32 

1,760 

20 

1,450 

2.10 

21 

0.623 

7.65 

1.47 

0.469 

1,100 

1.62 

23 

460 

1.52 

24 

660 

1.78 

26 

0.024 

10.3 

1.28 

0.388 

400 

Blood  Analyne,  Catt  I. 


Data. 

''r 

prp- 

^'r 

Cnv 

tJd. 

Su«u. 

CO, 

^ 

June 

,m. 

«,. 

-,,. 

m,. 

m,. 

r«. 

«, 

9 

3.26 

2S.4 

2,1.8 

0.75 

4.0 

O.IOS 

46 

55 

12 

3,30 

29  A 

!isn 

1  57 

2  f 

0,I0f 

47 

1.5 

Yeast  diet. 

14 

504 

32.7 

!14,6 

0,72 

4,2 

46 

55 

16 

3  22 

25,1 

27,7 

J. 85 

5,C 

0,092 

45 

54 

21 

2.87 

251 

1  3 

y> 

0,0!IC 

41 

48 

Ricediei, 

26 

2.57 

28,5 

m.^ 

2  2 

3.5 

0.091 

41 

41 

Total  loas  of  nitro- 

gen by  bleeding 

10.7! 

July 

7 

2,84 

37.8 

29,4 

0.5 

1.3 

0.0744 

Normal   diet. 

In  considering  the  results  of  the  metaboliam  experiment  in 
Case  I  we  find  that  yeast  was  fairly  well  utilized  in  the  middle  of 
the  first  period,  but  later  was  found,  to  some  extent,  und^ested 
in  the  feces.  However,  in  the  period  in  which  white  rice  and 
bread  were  given  as  a,  control  for  a  vitamine-free  diet,  the 
man  under  experiment  went  more  and  more  into  oitrogeti 
balance  without  the  addition  of  vitamine.  This  might  be  due  to 
the  fact  that  less  water  was  consumed  in  the  latter  part  of  the 
experiment.  A  high  uric  acid  content  occurred  in  the  blood  in 
the  yeast  period,  and  a  fairly  high  sugar  content  in  the  urine  on 
the  vitamine-free  diet. 
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//. — ^A  normal  man,  22  jrean  old,  weighing  68.4  kg.  at  the  beginning  of 
3q)eriment. 

Diet  (Gm.). 


Yeast  period. 

DV« 

1 

2 

3 

4           5           6 

7 

8 

9 

55 

10 

u 

U 

55 
98 

u 

v^^t 

25 
145.5 

25 

Xi 

50  <    50  1    50 
173.5  221     358 

55       55 

I 

55 
207 

55 

55 

A^I>plc 

434   211 

73 

^^^nnn 

105.1 

155258.5 

118 

91.5:  87.5 

117 

^^'*K>colatc 

21 

84 

52.5  30.5  n.5 

126 

84 

73.5115.5 

63 

"^«=^,  cc 

300 

750 

450 

450              600 

300 

^^ttcr 

50 

10 

Onion 

102 

( 

127 

Orange 

. 

152 

96 

79 

142 

^^uerkraut 

150   100 

100 

100 

l^omato  soup. . 

54 

50      40     100 

62     62 

59 

62 

62 

Su^ar 

40 

24 

32 

32      24      32 

32 

24 

4 

Bread 

75 

Rice  and  bread  period. 


.  228 
Butter !  100 


Rice 

^*t<r,  cc. . . . 

ieast,  vita- 
"^ixie,  as  col- 
^^idml   silica 


175 
700 


228!  228 

loo:  100 

175 


175' 


228 
100 
175 


228 
100 
175 


i 


4.8 


228 

228 

228 

100     100     100 

175     175 

175 

700 

700 

700 

4.8 

4.1 

3.0 
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Metabolism  Experiment,   Case  II. 


Date. 


N 
intake. 

N 
output. 

Nin 
urino. 

Nin 
feces. 

Urine. 

Feces. 

Weight. 

Balance. 

Remarks. 


Nonnal  diet. 


June 

gm. 

Qtn. 

gm. 

gm. 

cc. 

gm. 

kg. 

3 

16.29 

15.96 

0.33 

1,125] 

69.1 

4 

16.27 

15.94 

0.33 

1,260 

' 

17.9 

69.1 

5 

14.19 

13.86 

0.33 

1,140  J 

68.9 

Yeast  period. 


6 

4.46 

11.25 

9.82 

1.43 

900 

23.3 

68.4 

-7.28 

7 

3.97 

9.02 

7.03 

1.99 

640 

33.0 

68.2 

-3.96 

8 

5.09 

8.78 

6.68 

2.1 

950 

37.5 

67.9 

-3.69 

9 

5.77 

8.19 

6.87 

1.32 

720] 

V 

38.0 

67.0 

-2.42 

Blood 
taken. 

10 

5.90 

9.33 

8.01 

1.32 

84oJ 

67.0 

-3.43 

11 

5.90 

8.46 

7.04 

1.42 

800\ 

36.0 

66.4 

-2.56 

12 

6.16 

7.63 

6.20 

1.43' 

1,210/ 

65.7 

-1.47 

Blood 

taken. 

13 

6.25 

7.61 

6.38 

1.23 

540l 

40.0 

65.2 

-1.36 

14 

6.04 

8.04 

6.80 

1.24 

545/ 

65.2 

-2.00 

Blood 

taken. 

15 

6.24 

6.73 

5.65 

1.08 

600\ 

56.0 

65.3 

-0.49 

16 

6.10 

5.99 

4.91 

1.08 

575/ 

65.3 

-fO.ll 

Blood 

taken. 

17 

6.40 

7.57 

6.59 

0.98 

1,0201 

51.5 

65.8 

-1.17 

18 

6.77 

6.57 

5.58 

0.99 

1,250/ 

65.3 

+0.20 

Rice  and  bread  period. 


19 

5.07 

7.68 

6.80 

0.88 

800 

Feces 

65.0 

-2.61 

20 

5.07 

6.91 

6.03 

0.88 

560 

for  4 

65.0 

-1.84 

21 

5.07 

6.69 

5.81 

0.88 

525 

days 

64.6 

-1.62 

Blood 
taken. 

22 

5.07 

7.08 

6.80 

0.88 

640 

48.5 

65.3 

-2.61 

Vitaminc  addition. 


23 
24 
25 
26 


o.lo 

6.56 

5.69 

0.87 

480] 

64.6 

-1.41 

5.15 

6.49 

5.62 

p. 87 

680 

51.4 

64.6 

-1.34 

5.15 

7.46 

6.59 

0.87 

750 

> 

65.2 

-2.31 

5.15 

6.18 

5.31 

0.87 

490^ 

65.0 

-1.03 
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e  AnalgtU,  Ca*e  II. 


0.402 
0.390 
0.370 


#". 

»-.        1 

10,10 

1-50      : 

9.S3 

1.60 

12.10 

1.08 

6.32 

0.725 

7.S4 

0.8M 

7.70- 

1.13    1 

0.410 
0.569 
0620 


i.aa 

1.56 
1.78 


Blood  Analsti*.  Cote  II. 


Out. 

tm>i 

priSsV 

CO. 

'Vrf- 

1.-^. 

Juw 

w^ 

^. 

^ 

-#. 

^. 

n.- 

;  <r. 

9 

3.26 

26-3 

3& 

,15] 

12 

278 

'29.J 

w.; 

9.24 

4.< 

O.lll 

45 

^1 

Veut  diet. 

14 

5.66 

u.s 

!Z.l 

I.M 

S< 

0  la 

46 

'50  f 

16 

3.20 

23.7 

21  .< 

i-ac 

4i 

ooot 

46 

.56  j 

21 

2ffi 

».j 

J.SI 

3( 

0  la 

41 

71' 

RiMdiet. 

26 

272 

Z7( 

an 

la 

0097 

«t 

'32' 

Toul   lo«  of  ni- 

in««ii  br  blcM}- 

Joly 

■ 

246 

30O 

24  S 

07 

17 

onol 

4S 

N'onnal  diet. 

Id  Case  II  the  noticeable  factors  are  the  fairh'  good  nitrogoi 
balance  obtained,  and  the  bigfa  figures  for  uric  acid  in  blood  with 
ycaet.     Mtamine  gaii'e  no  definite  results  in  the  rice  period. 
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Case  III. — ^A  normal  man,  20  years  old,  weighing  65.7  kg.  at  the  begin- 
ning of  the  experiment. 

Diet  (Gm.). 

Yeast  period. 


Days. 


Yeast 

Apple 

Banana 

Chocolate 

Tea,  cc 

Butter 

Onion 

Orange 

Tomato  soup. 

Tomato 

Bread 

Sugar 


.  1 

2 

3 
45 

4 

6 

6 

7 

8 

9 

10 

60 

35 

35 

50 

50 

55 

55 

65 

55 

243 

138 

111 

110 

86 

326 

79 

404 

310 

121 

83 

128 

138 

193 

90 

* 

81 

100 

77 

31.5 

63 

126 

126 

273 

168 

318 

147 

210 

231 

600 

900 

900 

900 

600 

1,200 

1,400 

900 

900 

900 

173 

162 

99 
70 

50 
76 

50 

10 

60 

152 
100 

50 
45 

59 

50 

50 

50 

50 

28 

14 

49 

49 

28 

80 

66 

52 

49 

42 

11 


60 

78 

136.5 
900 


63 
63 


Rice  and  bread  period. 


Bread 

Tea  biscuit 

Butter 

Sugar 

Water,  cc 

Vitamine 


200 

185 

200 

200 

210 

200 

200 

200 

200 

200 

100 

100 

105 

129 

110 

120 

120 

120 

120 

120 

25 

25 

2i 

25 

25 

1,163 

1,190 

761 

1,193 

1.308 

1,211 

954 

1,011 

1055 

612 

3.75 

4.81 

4.8 

4.16 

3.0 

nice  155  gm.  throughout  each  day  of  the  whole  period. 
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Mttab<Aiv»  Experiment,  Case  III. 


W«(ht.  B*buie«.        Remario, 


Normal  diet. 

15.38    14.43    1-BO 
13.95   13.0     1.90 
13.83   13-37  0,46 

1,0001 
1,020/ 
1.620 

29-6 

65.0 
65.0 
65.0 

« 

a  at 

10  96 

10  49 

0  47 

700 

12.8 

ft5.7 

-7.33 

V 

4fM 

11* 

JO  41 

099 

600 

19.1 

65.4 

-6.82 

s 

4.R2 

10.  IF 

9,2< 

0,91 

1,140 

17-3 

64.8 

-5-5« 

9 

6.21 

9.97 

8.15 

1-82 

1,000 

30.9 

64.4 

-3.76 

Blood 
taken. 

10 

6.02 

11. 8f 

8.3{ 

3.50 

670 

34.0 

63.8 

-5.86 

11 

7,00 

9  2f 

7,32 

1  SS 

1,040\ 

62.49 

64.1 

-2. a 

12 

»R3 

10  2! 

RST 

1  89 

1.525/ 

ai,5 

-3.5! 

Blood 

t&keu. 

13 

«.«2 

7.S 

6.« 

1.49 

600\ 

45.7 

63.7 

-0.91 

14 

B,fl7 

872 

7,2; 

1  49 

620l 

63.2 

-2.65 

15 

6,72 

10,45 

7,5f 

289 

780 

50.2 

63.9 

-3.7! 

16 

700 

13  .-M 

7  4f 

6.06 

650 

101  S 

63  1 

-6. ft 

Blood 

talcen. 

Rice  and  bread  period-. 


17 

4  47 

8.06 

7.18 

O.SR 

550] 

63-9 

-3-59 

IS 

4.54 

8.71 

7.91 

0.8S 

780 

44.9 

63.7 

-4.2i 

19 

4.47 

8.3( 

•7.42 

0.88 

780| 

63.2 

— 3.8S 

20 

448 

7,82 

7.56 

026 

720 

6:1.0 

-3.3^ 

21 

460 

7, a 

7.02 

0  2fi 

500 

62  9 

-2.6* 

Blood 

taken. 

Vitamioe  addition. 


22 

4  56 

5  3^ 

5  13 

0  26 

580] 

26.2 

K)  2 

-0.83 

23 

AM 

fl.Of 

5,8( 

0,26 

,=■20 

inclu- 

62.8 

— 1.5( 

24 

-4.56 

7.01 

6,75 

0,26 

510  ^ 

dlHK 

63.1 

-2.45 

25 

4,56 

7.94 

7,6f 

0  26 

1,020  1 

June 

63,2 

-3..V 

26 

4-56 

6,87 

6,61 

0.26 

l,040j 

20  and 

21. 

63  0 

-2,31 
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UHne  An<ajr»8, 

cwe  ni. 

D>to. 

Un* 

Cmtinini. 

Dric  Kid. 

Volunw. 

8u(», 

June 

«m. 

tn. 

^. 

»n. 

«. 

m- 

9 

0.500 

11,6 

1.6 

0.878 

1,000 

12 

0.412 

22,7 

1.64 

1.18 

1,325 

16 

0,306 

10,5 

0908 

0.487 

650 

21 

0.452 

7.45 

0.815 

0.405 

600 

0.41 

26 

0  420 

10. 1 

1.65 

0.641 

1,040 

Blood  Analyais.  Caae  HI 

D»l., 

X 

Remu-ki. 

^ 

1 

E 

1 

1 

i 

1 

June 

tfW. 

mt. 

idir. 

-,. 

ffifl. 

^, 

«. 

9 

102 

31,2 

25. f 

D.M 

l.ti 

o,io; 

41 

55 

12 

3  1f 

3fi> 

H5-7 

1.2.'; 

1  fl 

O.JW 

4!i 

54 

Ye^t  diet. 

IB 

3  OS 

.11,  f 

27,2 

1,1.1 

4.8 

nm 

47 

Lost. 

21 

2  6fi 

28. f 

1..™ 

O.OSf 

46 

61 

Rice  diet. 

26 

2,S7 

2n.c 

27.2 

2.1 

3.( 

0.086 

45 

56 

TotftI  loss  in  ni- 

trogen by  bleed- 

July 

7 

■1  58 

33  (. 

ail. 6 

Uti 

2.S 

0  119 

46 

Normal  diet. 

C.  Funk,  W.  G.  Lyle,  D.  McCaskey 


187 


^<i«e  IV,— A  normal  man,  32  years  old,  weighing  63.5  kg.  at  the  beginning 
^^  ^^e  experiment. 

Diet  (Gm,), 


Da 


y^ 


Yeast 

Apple 

^nana.  . . . 
^ocolate . . 

Tea,  cc 

Butter 

Onion 

^nge 

^uerkraut. 

^ugar 

^Vater,  cc. 


Yeast  period. 


1 

2 

3 
40 

4 

50 

5 

6 

7 

8 

9 

10 

60 

20 

20 

50 

55 

55 

55 

55 

275 

350 

328 

187 

152 

323 

390 

180 

95 

202 

205 

132 

121 

173 

74 

73 

93 

84 

157.5 

84 

147 

168 

147 

92 

107 

126 

168 

300 

300 

900 
30 
10 

1,200 
41 
25 

1,500 

1,350 

1,200 
25 
14 

1,800 

1,500 

950 

110 

100 

95 

124 

350 
250 

70 
100 

14 

11 

28 

60 

70 

66 

58 

72 

56 

56 

150 

11 


50 
105 

148 
1,100 


50 
200 

63 
150 


Rice  and  bread  period. 


Bread 

Tea       bis- 
cuit  

Gutter 

^at^T,  CO.. 
'it  amine 
*«  Lloyd's 
'^^Kent... 


200 

185 

200 

200 

200 

200 

200 

200 

100 

100 

100 

100 

110 

115 

110 

110 

1,250 

1,155 

639 

680 

891 

1,066 
3.75 

821 
4.8 

916 

4.8 

^ice  155  gm.  throughout  the  period. 
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Metabolism  Experiment^  Case  IV, 


Date. 


N 
intake. 


N 
output. 


Nin 
urine. 


Nin 
fecee. 


Urine. 


Fecee. 


Weicht. 


Balance. 


Remarks. 


Normal  diet. 


June 
3 
4 
5 


gm. 

Qm. 

ffffi. 

gm. 

«r. 

^fii. 

kg. 

13.07 

11.26 

1.81 

915 

31.05 

64.1 

12.75 

11.2 

1.55 

760 

25.3 

64.1 

13.81 

11.0 

2.81 

745 

45.25 

64.1 

Yeast  period. 


6 

2.91 

11.02 

9.85 

1.17 

1,440 

18.8 

63.5 

-8.11 

7 

3.03 

8.03 

6.4 

1.63 

700 

24.4 

62.7 

-5.00 

8 

4.70 

10.67 

8.23 

2.44 

840 

36.1 

62.3 

-5.97 

9 

5.62 

9.54 

7.88 

1.66 

870 

28.5 

61.8 

-3.94 

Blood 
taken. 

10 

5.97 

12.83 

8.22 

4.61 

1,180 

72.65 

61.9 

-6.88 

11 

6.28 

10.36 

8.23 

2.13 

1,160 

► 

62.75 

61.5 

-4.08 

12 

6.31 

8.99 

6.85 

2.14 

825j 

61.2 

-2.68 

Blood 

taken. 

13 

6.00 

8.93 

7.21 

1.72 

740] 

50.9 

61.3 

-2.93 

14 

6.41 

9.55 

7.83 

1.72 

66oJ 

61.3 

-3.13 

Blood 
taken. 

15 

6.48 

10.74 

8.76 

1.98 

770] 

> 

58  85 

61.3 

-4.26 

16 

5.75 

9.55 

7.57 

1.98 

63oJ 

61.0 

-3.80 

Blood 
taken. 

Rice  and  bread  period. 


17 

4.47 

6.90 

6.09 

0.81 

420 

61.2 

-2.43 

• 

18 

4.54 

7.08 

6.27 

0.81 

480 

61.8 

-2.54 

19 

4.47 

6.44 

5.63 

0.81 

440 

> 

56.0 

61.5 

-1.97 

20 

4.47 

6.18 

5.37 

0.81 

530 

61.3 

-1.71 

21 

4.48 

5.74 

4.93 

0.81 

460j 

60.9 

-1.26 

Blood 

• 

taken. 

Vitamine  addition. 


22 

4.56 

5  08 

5.08 

0.72 

410] 

61.1 

-1.24 

23 

4.56 

b.oS 

4.86 

0.72 

430 

61.1 

-1.02 

24 

4.56 

0.23 

5.51 

0.72 

405 

> 

54.0 

61.2 

-1.67 

25 

4.56 

6.34 

5.62 

0.72 

490 

61.1 

-1.78 

20 

4.56 

6  G3 

5.91 

0.72 

480 

60.7 

-2.07 

Blood 

taken. 
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Urine 

Aitalyu. 

■'att  ir. 

X3«.  !*.»«. 

V^ 

CnuioiM. 

CiieawL 

Vd,«. 

aot.. 

J«M 

1        ^ 

#-. 

tm. 

*-. 

«. 

«-- 

9 

1      0.35* 

12.2 

1.20 

0.93 

870 

12 

.      0.335 

10.6 

1.25 

0.75 

825 

14 

0.370 

12.8 

1.20 

0.533 

660 

16 

1      0-432 

11.6 

0.M5 

0.497 

630 

21 

1      0.410 

7.14 

1.29 

O.409 

460 

0.27 

2* 

405 

0.54 

26 

;      0.152 

fl.2 

1-20 

0-465 

480 

MmkI  Analyrit, 

Com  IV. 

.... 

X 

i 

1 

1 

1 

1 

S 

1 

,—. 

Jane 

tm. 

■f. 

-#. 

*w- 

af. 

«■■ 

«. 

9 

4-30'»l  0|33-6 

1.1 

it 

O.llS 

X 

ml 

12 
14 

3  9029.431,2 
3,16;27,2'43.0 

a-62 

6.9 

47 

Yeast  di«t. 

16 

3-l8;30.234.f 

11 

5e 

0.093 

49,60  1 
4358\ 

21 

2.92'32.229-( 

2.2 

0.091 

Rice  diet. 

-^             26 

2.5930.6 

33f 

1   1 

2  1 

0  lOS 

4667/ 

Toul    nitrogeD 

UMbrbkcdrng.. 

10.16 

July 

I         1 

7 

2.79 

32-3 

40-3 

1.3 

1.9 

0.12 

48 

Xonn*!  diet. 

Beades  the  blood  analj-sis  the  blood  pressure  was  taken  June 
l3,  and  found  to  be  as  follows:  Case  I,  125  mm.;  Case  II,  130 
*3na.;  Case  III,  115  mm.;  and  Case  IV,  120  mm. 

Besides  the  blood  pressure  the  hemoglobin  content  and  also  a 
^lifferential  leukocyte  count  were  re^stered  on  June  16  on  the 
^east  diet,  irtilch  figures  were  found  normal: 
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As  a  result  of  our  nutrition  experiments  with  yeast  it  is  shown 
that  the  value  of  yeast  as  a  protein  source  is  not  very  great. 
Thomas  (18),  by  comparing  the  protein  substitution  value  of  dif- 
ferent foodstuffs,  concluded  that  the  biological  value  of  yeast  is 
70.52  per  cent.  From  our  experiments  this  is  certainly  not  the 
case,  as  a  large  quantity  of  unutiUzed  yeast  passes  in  the  feces 
and  is  lost.  Yeast,  on  account  of  its  high  purine  content,  causes 
a  distinct  rise  of  uric  acid  in  the  blood,  and  for  this  reason  cannot 
be  used  to  the  exclusion  of  all  other  food.  Our  experiments  with 
vitamine-free  food,  in  the  form  of  white  rice  and  white  bread, 
confirm  the  results  of  Abderhalden,  Fodor,  and  Rose,  who  found 
that  to  obtain  a  positive  nitrogen  ^balance,  more  white  bread  is 
required  than  whole  bread  or  potatoes.  In  their  experiments  as 
well  as  in  ours,  this  negative  balance  occurred  in  spite  of  the  low 
nitrogen  figures  in  the  feces,  and  indicated  good  resorption. 
Whether  this  low  value  of  vitamine-free  food  is  due  solely  to  the 
absence  of  vitamines,  we  were  not  able  to  prove  as  our  experi- 
ments were  of  such  comparatively  short  duration. 

.  r£sum£. 

Yeast  cannot  very  well  be  reconunended  as  a  sole  protein 
source,  as  a  large  part  of  the  yeast  nitrogen  apparently  has  no 
food  value.  It  is  badly  assimilated  and  occasions  a  rise  of  uric 
acid  figures  in  the  blood.  The  amount  of  nitrogen  which  would 
be  fully  adequate  in  the  form  of  potatoes  was  proved  to  be  in- 
sufficient with  yeast.  This  also  appUes  to  our  experiment  with 
white  bread  and  white  rice.  We  were  unable  in  our  experiment 
to  get  a  positive  nitrogen  balance  by  the  addition  of  vitamine. 

In  this  field  of  nutrition  research  our  studies  have  by  no 
means  enabled  us  to  pronounce  a  verdict  that  yeast  possesses 
no  value  in  dietetics. 

Problems  of  personal  idiosyncrasy  as  to  the  taste  of  foods, 
methods  of  administration  suitable  for  the  particular  individual, 
questions  of  amino-acid  synthesis  after  the  yeast  protein  and 
purine  bases  have  entered  the  organism,  are  all  complex  factors 
which  must  be  taken  into  consideration. 

Just  how  far  anaerobic  yeast,  when  consumed  in  conjunction 
with  other  foods,  can  be  made  of  any  supplementary  metabolism 
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raioe  to  a  large  community  suffering  from  dietetic  deficiencies 
of  one  type  or  another,  offers  an  inviting  field  for  further  rese&rch 
in  the  domain  of  practical  experimentation. 
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the  nutritive  properties  of  corn. 

bt  albert  g.  hogan. 

Vom  the  Department  of  Chemistry,  Kansas  State  A^ctdtural  Experiment. 

Station,  Manhattan,  Kansas,) 

(Received  for  publication,  July  24,  1916.) 

It  has  long  been  a  matter  of  common  knowledge  that  an  exclu- 

e  diet  of  maize  is  inadequate  for  growing  animals,  but  the  pre- 

nature  of  the  deficiency  is  not  yet  determined.    Thus  one 

liool  of  investigators  has  ascribed  the  nutritive  deficiencies  of 
m  to  its  lack  of  certain  inorganic  constituents.    Forbes  (1914) 

^tes: 

'H>ur  results  show  that,  whatever  the  protein  deficiencies  of  com,  its 

ineral  deficiencies  are  more  pronounced,  since,  in  balance  experiments, 

deficiencies  in  calcium  and  other  minerals  are  immediately  made' 

ifest  by  negative  balances  or  deficient  storage,  while  the  protein  de- 

^^iencies,  whatever  their  nature,  allow  liberal  nitrogen  retention. 

The  extreme  importance  of  the  mineral  constituents  cannot 
denied,  but  some  investigators  have  laid  more  stress  on  the 
^^rotein  deficiencies  of  corn  than  does  Forbes.  For  example, 
^^bome  (1913)  states: 

"The  results  when  presented  leave  no  doubt  that  the  deficiency  ob- 
^fe«rved  in  the  practical  feeding  of  corn  meal  is  explained  largely,  if  not 
'^rholly,  by  the  unique  chemical  constitution  of  zein  which  forms  such  af 
^srge  part  of  its  protein.'' 

Another  suggestion  frequently'  offered  is  that  the  growth  acces* 

^ory  substances,  the  so  called  "\4tamines,"  are  present  in  such 

^mall  quantities  that  normal  gro\i'th  cannot  occur  unless  they  are 

supplied  in  some  supplementary  food.     As  yet,  however,  there  is 

xio  convincing  evidence  at  hand  to  support  this  theory-. 

EXPERIMENTAL   PROCEDURE. 

Most  of  the  data  described  in  this  preliminary  report  were 
obtained  by  using  albino  rats  as  e.\perimental  animals.  This 
procedure  has  proved  so  successful  at  various  institutions  that 

ld3 
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further  conunent  on  this  point  is  unnecessary.  Our  choice,  how- 
ever, is  explained  by  the  anticipated  use  of  lysine,  tryptophane, 
and  isolated  proteins.  The  cost  of  these  would  be  prohibitive 
if  prepared  in  sufficient  quantity  for  any  of  the  ordinary  domestic 
animals.  During  feeding  trials  the  animals  were  confined  in 
cages  of  hardware  cloth,  following  closely  the  procedure  of  Os- 
borne and  Mendel  (1911).  Distilled  water  ad  libitum  was  given 
in  all  cases. 

J.  Adequacy  of  the  Inorganic  Constituents. 

This  particular  problem  was  only  incidental  in  the  original 
plan,  so  our  data  on  this  point  are  relatively  meager.  Some  of 
the  animals  were  given  corn  alone,  others  corn  plus  a  salt  mix- 
ture. A  third  lot  received  corn  plus  an  "ash-free"  protein,'  and 
a  fourth,  com  plus  "ash-free"  protein  plus  a  salt  mixture.  The 
results  are  given  in  Table  I. 

The  results  at  least  have  a  positive  trend.  If  corn  is  the  sole 
article  of  diet  the  animals  decline  rapidly  in  weight  and  soon  die. 
The  addition  of  a  salt  mixture,*  however,  permitted  growth  to 
occur  in  a  surprising  degree.  When  an  "ash-free"  protein  is 
added  to  the  corn,  in  most  cases  death  ensues  promptly.  The 
dried  blood  is  a  striking  exception.  At  the  end  of  27  weeks  the 
animals  were  apparently  growing  slowly.    Possibly  they  would 

'  The  author  prepared  these  materials  originally  for  another  research 
conducted  jointly  by  the  executive,  chemistry,  and  animal  husbandry 
departments  of  the  college.  The  methods  of  preparation  are  described 
later  in  this  article. 

*  Two  salt  mixtures  were  used,  apparently  with  equal  success.    No.  1 

was  adapted  by  Dean  Willard,  of  this  college,  from  a  mixture  published 

by  Osborne  and  Mendel.    No.  2  approximates  a  mixture  published  by 

McColIum. 

No.  1  No.  2 

CaCO, 92 

Ca  lactate 8  468.0 

CaaCPOO, 10 

K,HP04 37  280.8 

NaCl 20  123. 1 

Na  citrate 15  31.2 

Fe  citrate 2                 23.8 

MgS04 31.72 
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have  declined  later,  but  our  facilities  would  not  allow  us  to  con- 
tinue the  trial  longer. 

A  somewhat  similar  experiment  has  been  described  by  Weiser 
(1914).  His  object  was  to  determine  the  effect  of  a  calcium- 
poor  diet  on  the  composition  of  growing  bones.  One  group  of 
three  pigs  received  maize  and  corn  gluten,  another  group  of  three 
received  the  same  ration  plus  about  0.75  per  cent  of  calcium  car- 
bonate. Some  time  after  the  feeding  trial  began  dried  blood  was 
substituted  for  corn  gluten.  During  the  first  part  of  the  trial 
the  weights  of  the  lots  only  were  given,  as  the  individual  records 
are  not  available.  During  the  latter  part  of  the  trial  the  individ- 
ual weights  are  recorded.  A  portion  of  the  record  is  summarized 
in  Table  II. 

TABLE  n. 

Growth  (Kg,)  of  Swine  on  Rations  of  Low  and  High  Calcium  Content, 


Lot  with  Ca. 

Lot  without  Ca. 

Jan.  15 

17.7 
41.8 

No.  1. 
19.6 
35.7 

• 

No.  4. 
14.5 
12.6 

17.6 

June  15 

36.8 

July  7 

No.  6. 
9.9 

Sept.  24 

11.1 

Even  the  animals  receiving  calcium  grew  slowly,  but  the  in- 
creased growth  due  to  its  addition  to  the  diet  is  quite  marked. 

Data  obtained  at  this  institutiofi  are  not  in  complete  agreement 
with  Weiser's  findings.  Extensive  feeding  trials  here  have  been 
conducted  jointly  by  the  executive,  animal  husbandry,  and  chem- 
istry departments,  using  swine  as  experimental  animals.  One 
lot  received  corn  alone,  and  another  corn  plus  salt  mixture  No. 
1.  The  figures  are  very  striking,  and  as  they  represent  the 
experience  of  several  years,  there  can  be  no  doubt  that  they  are 
entirely  trustworthy.  On  corn  alone,  the  animals  can  barely 
maintain  life.  Some  of  them  in  fact  do  succumb,  while  a  few 
others  maintain  life  in  a  precarious  condition  for  some  months, 
but  gradually  gain  in  weight,  and  also  show  a  real  increase  in 
length  and  height.  After  some  months  the  animals  grow  more 
rapidly,  they  take  on  a  more  thrifty  appearance,  and  in  the 
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course  of  time  reach  a  long  deferred  maturity.    A  striking  point 
in  these  researches  is  the  failure  to  derive  any  benefit  from  the 
^use  of  a  salt  mixture.     In  contrast  to  this  stands  the  real  value 
<derived  from  the  addition  to  corn  of  a  protein  comparatively  free 
:ffrom  inorganic  constituents.    Two  substances  were  used  for  this 
;purpose;  the  proteins  of  blood  were  used  in  one  trial,  and  those 
of  egg  white  in  the  other.    Both  of  these  are  comparatively  free 
:ffrom  calciiun  and  phosphorus,  but  they  were  given  special  treat- 
ixnent  to  remove  from  them  so  far  as  practicable  all  inorganic  con- 
stituents.   The  blood,  obtained  from  Armour  and  Co.,  was  de- 
Cbrinated  in  their  plant,  chilled,  and  shipped  here.    As  soon  as 
possible  after  its  receipt  it  was  diluted  to  four  or  five  times  its 
^volume,  acidified  with  acetic  acid,  and  heated  to  boiling  with 
live  steam.    The  coaguliun  was  filtered  off  on  a  linen  cloth,  re- 
turned to  the  vessel  in  which  coagulation  occurred,  and  washed 
^th  a  large  volume  of  boiling  water.    This  was  again  filtered, 
^nd  dried  at  70-80*^C.    The  egg  white  used  was  a  dried  com- 
mercial product.    This  was  dissolved  in  warm  water,  and  then 
^ven  practically  the  same  treatment  as  the  blood.    The  analyses 
^re  shown  in  Table  III.    All  animals  drank  distilled  water  dur- 
ing the  feeding  trial. 

TABLE  III. 

Ash  and  Nitrogen  Analyses  of  Feeds. 

N 


Corn 

Blood  proteioB 

Egg  white 

Starch 


Total  ash. 

Ca 

P 

per  cent 

pereetU 

per  enU 

1.57 

0.015 

0.288 

1.09 

0.0126 

0.0824 

0.57 

0.0110 

0.089 

1.02 

0.0132 

0.196 

percent 

1.57 
15.21 
14.75 

0.056 


As  far  as  growing  swine  are  concerned,  therefore,  corn  contains 
sufficient  inorganic  material  for  the  protein  already  present.    It 
Would  seem  in  this  case  that  the  first  limiting  factor  is  the  pro- 
tein.    It  is  very  certain  that  corn  does  not  contain  enough  min- 
eral matter  for  normal  growth.     In  support  of  this  statement 
additional  data  are  submitted.    Other  lots  of  swine  received 
Corn  and  the  "ash-free"  protein  and  salt  mixture  No.  1.     In  this 
Case  growth  was  approximately  normal. 
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The  final  results  of  these  feeding  trials  are  given  in  Table  IV, 
The  upper  part  of  the  table  gives  the  composition  of  the  feeds  in 
percentages.  Crude  fiber  is  not  included  here,  as  the  amounts 
were  small,  and  its  value  as  a  source  of  energy  is  uncertain.  The 
sum  of  the  protein,  ether  extract,  nitrogen-free  extract,  and  ash 
is  taken  as  100  per  cent.  The  lower  portion  of  the  table  gives 
the  weights  of  the  animals.  These  weights  are  the  average  of 
the  lots.  Each  lot  contained  three  pigs,  except  Lots  38  and  39, 
which  contained  two  pigs  each. 

TABLE  IV. 

Growth  of  Swine  on  Rations  of  Low  and  High  Mineral  CjntenL 


Lot  No. 


Ration. 


Protein  < 


Corn. . . 
Supple- 
ment. 


Fat 

N-free  extract. 

Ash 

Calcium 

Phosphorus... 


1916 


Initial     /  July  3 

weight \  Aug.  2 

Final  weight,  Dec.  30 


30 

31 

32 

33 

38 

Corn. 

Corn  + 
salt  mix- 
ture. 

Com  + 

Bsh-free 

blood 

protein. 

Com  + 
ash-free 
bloxi  + 
salt  mix- 
ture. 

Com  + 

aah-free 

egg  white. 

per  cent 
11.20 

4.72 
82.70 
1.65 
0.017 
0.33 

percent 

10.88 

4.58 
80.30 
4.27 
0.66 
0.44 

percent 
10.00 

10.51 
4.22 

73.80 
1.51 
0.17 
0.30 

per  cent 

9.55 

10.10 
4.03 

70.60 
5.76 
0.99 
0.51 

percent 
10.00 

10.52 
4.22 

73.80 
1.46 
0.17 
0.30 

lbs. 

25.3 
37.6 

Ibe. 
26.0 

32.6 

Ibe. 
25.0 

82.6 

26f. 
23.7 

171.6 

27.5 
69.5 

30 


Com  + 

aah-free 

pgR  white 

+  aalt 
mixture. 

percent 
9.66 

10.01 
4.03 

70.60 
5.72 
1.01 
0.55 

Ibe. 

28.5 
192.5 


The  average  weights  of  the  animals  give  the  impression  that 
Lot  32  made  a  greater  gain  than  Lot  38.  The  individual  records 
do  not  altogether  support  that  idea,  however,  as  one  pig  in  Lot 
32  made  a  much  greater  gain  than  any  other  receiving  a  similar 
ration. 

//.  Adequacy  of  Maize  Proteins, 

The  rate  of  growth  of  rats  receiving  corn  plus  a  salt  mixture 
indicates  in  some  cases  an  almost  surprising  efficiency  for  the  com 
proteins.     This  is  the  more  striking  if  the  large  percentage  of 
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in  corn  proteins  is  borne  in  mind.    As  has  often  been  pointed 
out;,    this  protein  contains  neither  l^'sine  nor  tr3rptophane.    The 
qui^^rtion  is  then  at  once  presented,  as  to  whether  growth  has  oc- 
in  spite  of  the  zein,  or  whether  zein  in  the  ration  has  real 
e  as  a  protein, 
mis  problem  was  approached  from  various  viewpoints.    In 
case  .the  ration  of  corn  and  salt  mixture  was  supplemented 
l>y     zein  itself.    If  the  addition  of  this  protein  to  maize  should 
t  any  beneficial  action  it  would  seem  clear  that  the  zein  al- 
ly in  corn  played  an  essential  rdle  in  the  ration  of  growing 
-Mxials.    On  the  other  hand  failure  of  the  addition   to  exert 
such  action  would  not  necessarily  prove  that  all  of  the  zein 
^r^^dy  present  was  without  value.    Again  the  data  are  not 
^^Qclusive,  but  it  does  seem  highly  probable  that  the  addition  of 
^^^^x    not  only  had  no  value,  but  was  really  detrunental.    Al- 
wiough  Rat  19  made  a  fair  degree  of  growth,  yet  on  the  whole 
"*®  Animals  receiving  the  addition  compare  unfavorably  with  any 
of  t.Iie  others  receiving  a  protein  supplement,  especially  whetf  it 
^  '^oted  that  three  of  these  animals  are  males.    It  seems  highly 
P^^^tmble  that  the  addition  of  zein  had  actually  lowered  the  value 

^^^e  addition  of  gliadin  to  corn  was  tried  because,  according 
Osborne  and  others  (1915),  it  contains  at  most  a  very  small 
P^^^Jfentage  of  lysine;  they  give  0.92  per  cent  as  the  probable 
^'^^e.  If  the  addition  of  gliadin  should  cause  a  quickening  of 
^^  growth  curve,  it  would  seem  that  the  slow  growth  on  com 
'^^'^  not  due  to  lack  of  lysine  in  the  zein.  Osborne  and  Mendel 
.  ^  1 X)  have  already  demonstrated  that  in  other  respects  gliadin 
^  adequate  prot<3in.  Though  it  seems  clear  that  no  beneficial 
could  be  ascribed  to  the  gliadin,  it  also  seems  equally  clear 
it  had  no  detrimental  action. 
-  ^bomc  and  Mendel  (1914)  had  previously  demonstrated  that 

*^  addition  of  lysine  and  trjrptophane  to  zein  converted  it  into  a 


;in  adequate  for  maintenance  and  growth;  so  it  seemed  pos- 
that  the  addition  of  these  amino-acids  to  corn  itself  might 

^^^'v-ert  the  latter  into  a  more  efiicient  diet.    Accordingly  two 

received  corn  plus  1  per  cent  lysine,  two  more  received  com 
0.5  per  cent  trjrptophane,  and  two  more  received  corn  plus 
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1  per  cent  lysine  and  0.5  per  cent  tryptophane.  In  none  of  the 
six  cases  did  the  addition  have  any  evident  value.' 

The  food  mixture  was  prepared  by  grinding  the  entire  maize 
kernel,  to  an  impalpable  powder,  and  then  intimately  mixing  with 
it  the  amino-acids.  This  dry  mixture  was  fed  to  the  animals 
without  making  any  effort  to  form  it  into  a  paste,  or  to  give  it 
greater  coherence.  This  procedure  has  one  serious  disadvantage 
in  that  rats  are  wasteful  feeders,  and  it  is  difficult  to  obtain  the 
«xact  weight  of  the  food  consumed.  It  seemed  impossible  to  avoid 
that  difficulty  however,  without  encountering  others  equally 
serious.  Observation,  as  well  as  such  records  as  we  could  obtain, 
indicated  that  the  rats  making  even  moderate  gains  on  corn  alone 
ate  relatively  very  large  quantities  of  food. 

In  every  case  where  corn  was  supplemented  with  a  protein 
the  amount  added  was  such  as  to  make  the  nitrogen  content  3.2 
per  cent,  or  the  protein  content  approximately  20  per  cent.  Thus 
the  corn  proteins  were  slightly  less  than  one-half  the  total  protein. 
The  data  are  presented  in  Table  V. 

For  comparison  some  results  summarized  in  Table  I  are  also 
presented  in  Table  V  along  with  other  material  that  does  not 
bear  directly  on  the  question  of  zein  insufficiency.  Consider- 
able variation  in  the  rate  of  growth  is  evidenced  even  among  ani- 
mals receiving  the  same  food.  The  first  two  diets  given,  dog 
bread  and  sunflower  seed,  and  corn  and  casein,  are  regarded  as 
suitable  for  normal  growth.  For  reasons  that  will  be  given  later 
however,  Rats  70  and  71  are  considered  slightly  below  normal  in 
rate  of  growth. 

It  is  evident  that  maize  alone  may  be  sufficient  for  maintenance 
and  for  growth,  at  least  during  a  period  of  7  months.  In  fact  the 
rapidity  of  growth  that  may  be  attained  on  this  ration  is  sur- 
prising. Another  striking  point  is  the  very  rapid  rate  of  growth 
on  corn  when  supplemented  by  casein. 

The  only  notable  feature  concerning  the  feeding  of  egg  white 
and  dried  blood  is  the  failure  of  cither  to  exert  any  beneficial  ef- 
fect.^  Our  data  on  dried  blood  when  supplied  in  other  food  mix- 
tures are  incomplete,  but  the  records  of  Rats  9,  10, 11,  and  12  leave 

» These  feeding  trials  are  now  being  conducted  under  difTerent  con- 
ditions, and  ths  results  indicate  that  the  addition  of  lysine  and  trypto- 
phane does  increase  the  efficiency  of  corn  proteins. 
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no  doubt  of  the  adequacy  of  egg  white  when  supplied  in  a  suit- 
able mixture.  The  corn  gluten*  seemed  more  efficient  than 
either  the  egg  white  or  dried  blood,  but  it  is  possible  that  this 
result  should  be  confirmed  by  a  larger  number  of  experiments 
before  the  fact  can  be  considered  established. 

A  discussion  of  other  features  of  the  swine  feeding  experiment 
conducted  at  this  institution  is  pertinent  at  this  time.  The  faU- 
ure  of  corn  as  a  sole  diet  for  swine  may  be  due  to  the  wide  nutri- 
tive ratio  of  corn,  or  it  may  be  due  to  the  inadequacy  of  the  pro- 
teins that  are  present  in  corn.  To  obtain  light  on  that  question 
casein*  was  added  to  corn  in  sufficient  quantity  to  double  the  di- 
gestible nitrogen  already  present  in  the  grain.  Corn  starch  was 
then  added  in  sufficient  quantity  to  make  the  nutritive  ratio  of 
the  total  added  material,  1 : 8.8,  equal  to  that  of  the  corn.  Three 
pigs  received  this  ration,  and  other  lots  of  three  received  corn 
plus  various  amounts  of  casein.  The  quantity  of  the  supplement 
added  was  such  that  Lot  36  received  a  ration  with  a  nutritive 
ratio  of  1:6,  while  this  ratio  for  Lot  35  was  1 : 3.  The  growth 
on  these  rations  is  summarized  in  Table  VI. 

TABLE  VI. 

A  Comparison  of  the  Value  of  Casein  and  Corn  Proteins  in  the  Ration  of 

Gromng  Swine, 


Lot  No. 


Ration. 


fCorn, 


Protein  ^  o       i 

1^  Supplement. 

Ether  extract 

N-free  extract 

Ash 


Initial  weight,  July  3, 1915 
Final  weight.Dec.  30,  1915 


34 


Nutritive  ratio 
1:8.8. 
Com       2500partti. 
Starch    21.40     *' 
Casein     3.00     " 
Salt 
mixture  1.24     " 


per  cent 

5.64 
4.78 
3.02 
82.80 
3.73 


Ibe. 

72 
494 


36 


Nutritive  ratio 

1:6. 

Corn      60.00  parte. 

Caeein     2.82     " 

Salt 

mixture  1.32     " 


pereerU 

10.29 
4.21 
4.97 

76.16 
4.33 


We. 

64 
600 


86 


Nutritive  ratio 
1:3. 
Com      60.00  parts. 
Caeein    11.68     " 
Salt 
mixture  1.64     " 


p§r  cent 

8.77 
14.91 

5.92 
65.80 

4.51 


Ibe 

59 
602 


*  Kindly  furnished  by  the  Corn  Products  Co.  of  Edgewater,  N.  J. 
'^  Commercial  buttermilk  casein  obtained  from  the  Beatrice  Creamery 
Co.,  Topeka.  Kansas. 
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Beference  to  Table  IV  shows  that  lots  receiving  corn  alone  or 

corn  plus  a  salt  mixture  make  practically  no  growth.    Lot  34, 

as  is  shown  in  Table  VI,  received  a  diet  which  supposedly  approx- 

^oiates  com  plus  a  salt  mixture,  but  with  half  the  digestible  corn 

proteins  replaced  by  casein.    The  procedure  followed  does  not 

permit  an  exact  comparison,  but  it  is  evident  from  inspection  of 

the  data  that  casein  is  far  more  efficient  for  growth  than  are  the 

proteins  of  corn.    Xhus  the  quantity  of  casein  substituted  for  corn 

proteins  was  4.78  per  cent  of  the  ration,  yet  this  substitution 

chstriged  the  ration  from  one  barely  sufficient  to  maintain  life  to  a 

'"ation  that  sufficed  for  almost  normal  growth. 

I-<ot  36  received  a  ration  containing  slightly  less  caseio  than 

^<1    Xot  34,  but  nearly  twice  as  much  of  the  corn  protein.    In 

of  the  fact  that  this  lot  gained  almost  30  per  cent  more  than 

34,  the  additional  corn  protein  received  by  Lot  36  must  be 

as  fairly  efficient. 

-Ajiother  result  worthy  of  note  is  the  failure  to  secure  more 

growth  by  the  addition  of  still  larger  amounts  of  casein. 

'*^^<^0)llum  has  indicated  (1914)  that  up  to  a  certain  limit  of  pro- 

^^^^■^  intake,  the  amount  retained  by  swine  is  a  certain  per  cent 

^*     ^liat  ingested.    It  does  not  seem  that  his  generalization  would 

^^t^^ly  to  these  animals  for  the  protein  intake  is  not  excessively 

*^Sli.    The  nature  of  the  limiting  factor  is  not  clear. 
_       -<^nother  result,  of  minor  importance  in  this  connection,  is  the 
"^^"^^ent  inferiority  of  the  blood  proteins.    Table  IV  shows  that 
33  and  39  received  rations  quite  similar,  with  the  exception 
4  in  one  case  the  protein  supplement  was  blood  protein,  in  an- 
>er,  egg  white.     However,  the  lot  that  received  egg  white  made 
reater  gain  in  5  months  than  the  blood  protein  lot  did  in  6 
nths. 

has  been  previously  mentioned,  some  of  the  rats  were  able 

^ow  at  a  fairly  rapid  rate  on  corn  and  a  salt  mixture,  but  the 

le  seemed  to  utilize  this  ration  for  growth  much  less  efficiently. 

_*^ough  this  discrepancy  might  seem  to  indicate  a  fundamental 

^^^*^erenee  in  their  metabohc  processes,  it  is  believed  that  such  a 

^^^ult  is  to  be  expected.    Because  of  the  great  disparity  in  size 

^^^  energy  metabolism  of  the  rat  is  vastly  greater  than  that  of 

^"^^ine,  and  it  ingests  much  more  food  per  unit  body  weight.     An 

^"^oellent  illustration  of  this  fact  is  found  in  a  summary  by  Arms- 
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by  (1914)  of  Pettenkofer  and  Volt's  results.  For  example,  a 
dog  weighing  3.10  kilos  produces  2.41  times  as  much  heat  per  unit 
body  weight  as  does  a  dog  weighing  30.66  kilos.  On  comparing 
rats  and  swine  the  difference  is  found  to  be  much  greater.  Ac- 
cording to  Knapp  (1908)  the  energy  requirement  per  day  of  a 
200  gm.  rat  is  approximately  50  calories,  or  250  calories  per  kilo. 
Comparable  data  concerning  swine  are  not  at  hand,  but  the  re- 
sults obtained  in  the  swine  feeding  experiment  jlist  mentioned 
will  serve  for  purposes  of  comparison.  The  average  weight  of 
the  pigs  in  Lot  36  for  the  last  30  days  of  the  feeding  trial  was 
86.4  kilos.  The  average  daily  feed  consumption  during  that  time 
was  1.64  kilos.  The  analyses  of  the  ration  are  not  complete 
enough  for  an  exact  calculation  of  its  calorific  value,  but  it  is  ap- 
proximately 5,745  calories.  The  energy  consumption  per  kilo 
of  these  animals,  than,  is  66.5  calories,  or  approximately  one- 
fourth  of  that  of  a  200  gm.  rat.  The  experimental  procedures 
do  not  permit  a  precise  comparison,  but  in  all  probability  the  data 
submitted  here  tend  to  diminish  rather  than  exaggerate  the  differ- 
ences. Although  the  energy  requirement  per  unit  body  weight 
is  much  higher  for  the  rat,  the  protein  requirement  is  generally 
believed  to  be  little  if  any  higher.  In  other  words,  after  each 
animal  has  satisfied  its  calorific  needs,  the  rat  has  a  much  larger 
nitrogenous  residuum  with  which  to  build  new  protein  tissue. 

///.  The  Presence  of  Growth  Accessories. 

A  number  of  investigations,  notably  those  of  Osborne  and 
Mendel,  McCollum,  and  Funk,  make  it  highly  probable  that  a 
normal  diet  must  contain  certain  "accessory"  substances.  These 
are  of  unknown  chemical  composition,  and  the  quantity  required 
is  undoubtedly  small;  but  nevertheless  they  are  indispensable 
components  of  an  adequate  diet. 

The  suggestion  has  frequently  been  made  that  the  slow  rate  of 
growth  obtained  when  corn  is  the  sole  article  of  diet  is  due  to  a 
lack  of  one  or  more  of  these  accessory  substances.  The  liter- 
ature on  this  particular  point  is  not  abundant,  and  is  both  con- 
fusing and  conflicting.  It  might  be  well  to  note  at  the  outset 
that  some  investigators,  Abderhalden  (1913)  and  Rohmann 
(1916),  question  the  necessity  of  assuming  that  any  such  food 
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accessories,  the  so  called  vitamines,  exist.    Their  attitude,  how- 
ev^er,  is  not  the  one  commonly  taken. 

^ost  of  the  experiments  described  in  this  paper  did  not  in- 
clude the  vitamine  factor,  but  some  of  the  facts  presented  will 
bear  inspection  from  that  standpoint.    It  is  evident  that,  if  the 
existence  of  these  accessories  is  conceded,  corn  contains  them  in 
some  degree.    In  this  laboratory  rats  were  brought  to  apparently 
normal  maturity  on  corn  and  a  salt  mixture  as  the  sole  diet. 
Schaumann  (1915)  states  that  corn  is  "sufficient"  for  pigeons  and 
rats,  but  insufficient  for  rabbits,  goats,  and  guinea  pigs.    Funk 
(1913)  has  shown  that  the  outer  layer  of  corn  contains  an  anti- 
neuritic  substance,  and  a  recent  article  by  Willard  (1916)  states 
that  this  fact  was  also  discovered  independently  by  J.  S.  Hughes 
^^  this  college.    Hughes  fed  polished  rice  to  pigeons  until  they 
tad   developed  extreme  cases  of  polyneuritis.    They  could  scarce- 
ly ixxove,  and  would  make  no  effort  to  swallow.    In  many  cases 
^^^th  was  unquestionably  only  a  matter  of  hours.    If  a  few  grains 
^^  oorn  were  forced  into  the  crop  at  this  stage,  the  birds  would 
:e  a  swift  recovery,  and  in  1  or  2  days  present  a  wholly  normal 
trance.    It  is  evident  therefore  that  some  of  these  acces- 
®^^i^s  are  present  in  corn. 

^'^cegtlin  (1915)  in  an  article  on  the  effects  of  a  vegetable  diet 
comparatively  little  concerning  accessory  substances,  but 
the  impression  that  satisfactory  growth  could  not  be  at- 
ed  by  animals  fed  on  corn  alone.    Slonaker  (1912)  also  states 
'^^"k  a  strictly  vegetable  diet  is  unsatisfactory  for  growing  rats. 

le  original  data  submitted  in  this  paper  make  it  evident  that 

may  slowly  grow  to  apparently  normal  maturity  on  corn 

'^»ne,  though  some  do  not  succeed  in  doing  so.    When  corn  is 

^]^X^plemented  with  casein  growth  occurs  at  a  fairly  rapid  rate 

blood  preparation  seems  slightly  less  efficient,  and  the  egg 

ute  considerably  less.    Inasmuch  as  casein  ordinarily  carries 

_  ^^e  quantities  of  the  accessories,  the  ineffectiveness  of  the  egg 

ite  might  seem  due  to  a  lack  of  those  substances,  and  that 

ination  readily  suggests  itself.    That  the  difference  is  not 

'^  to  poor  quaUty  of  the  protein  is  shown  by  the  behavior  of 

•ts  11  and  12,  Table  V.    These  animals  received  egg  white 

^'^^ng  with  starch,  butter,  and  protein-free  milk,  and  grew  at 

^^^  maximum  rate.    Additional  support  for  the  views  that  egg 
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white  may  be  lacking  in  accessories  is  found  in  McCollum's  (1915) 
experience  in  using  egg  white  as  an  adjunct  tp  polished  rice.  The 
failure  of  rats  to  gain  on  polished  rice  has  been  ascribed  to  pro- 
tein insuflBciency,  so  McCoUum  supplemented  the  rice  with  ash- 
free  egg  white  and  a  suitable  salt  mixture.  The  rats  failed  to  grow 
normally  on  such  a  ration,  however,  thus  indicating  a  lack  of 
growth  accessories  in  the  egg  white. 

The  "ash-free"  casein,  viewed  from  that  standpoint,  may  have 
exerted  unexpected  eflBciency.  The  only  object  in  preparing  it, 
however,  was  to  obtain  a  product  relatively  free  from  calcium,  so 
the  material  was  not  extracted  with  alcohol  or  ether,  and  no  ef- 
fort was  made  to  free  it  of  accessory  substances.  It  is  also  well 
to  note  that  the  animals  receiving  such  material  did  not  grow  as 
rapidly  as  those  receiving  the  crude  product.  In  Table  V,  Rats 
70  and  71  received  the  ash-free  casein,  and  these  animals  grew  at  a 
distinctly  slower  rate  than  those  receiving  crude  casein.  Corn 
gluten  exhibits  surprising  value  when  used  in  this  connection. 
As  our  preparation  contained  4.4  per  cent  of  ether  extract,  some 
interest  is  attached  to  Funk's  (1914)  statement  that  corn  prod- 
ucts containing  considerable  quantities  of  corn  oil  are  richer  in 
these  unknown  substances.  In  view  of  the  relative  superiority 
of  casein  as  a  supplement  to  corn,  there  is  a  temptation  to  give 
great  weight  to  the  vitamine  factor  and  some  effort  is  being  made 
in  this  laboratory  to  investigate  the  theory  in  an  experimental 
way.  It  is  generally  believed  that  an  adequate  diet  becomes 
"insuflBcient,"  when  heated  to  high  temperatures,  and  a  volumi- 
nous hterature  has  accumulated  on  using  such  material  in 
feeding  trials.  The  usefulness  of  the  procedure  is  open  to  ques- 
tion, as  it  is  conceivable  that  factors  other  than  "vitamines" 
might  be  subject  to  alteration.  The  method  was  followed  here 
in  a  small  way,  however,  for  if  the  accessories  are  destroyed  by 
heat,  and  rats  are  able  to  grow  on  heated  food  mixtures  consist- 
ing chiefly  of  corn,  then  failure  of  the  animals  to  grow  on  maize 
could  not  be  ascribed  to  lack  of  accessories  in  the  grain.  If,  on 
the  other  hand,  rats  fail  to  utilize  heated  foods  for  growth,  the 
interpretation  is  not  so  obvious.  Accordingly  enough  egg  white 
to  make  a  total  of  20  per  cent  protein  was  added  to  corn,  along 
with  4  per  cent  salt  mixture,  and  the  material  was  then  heated 
for  6  hours  in  an  autoclave  at  30  pounds'  pressure.    Four  animals 


A.  G.  Hogan 


207 


given  this  ration,  and  their  behavior  on  such  a  diet  is  re- 
in Table  VII. 

TABLE  Vn. 

Growth  of  BaU  on  a  Ration  Subjected  to  High  Temperatures, 


X^^No. 

19 

80 

81 

83 

i^i^it.L^  weight. 

40 

43 

50 

42 

db. 

3 

55 

53 

62 

Dead. 

6 

58 

57 

61 

9 

72 

68 

76 

12 

70 

65 

87 

15 

75 

85 

90 

18 

68 

87 

87 

21 

Dead. 

88 

91 

24 

64 

66 

27 

Dead. 

Dead. 

one  made  any  noteworthy  growth,  and  all  died  comparatively 
without  any  evident  cause,  excepting  that  the  food  had 
heated. 

SUMMABT. 

evidence  indicates  that  when  corn  is  fed  to  rats  as  the  sole 
^ftary  the  mineral  constituents  are  the  first  limiting  factor,  and 
n  the  protein.  In  the  case  of  swine  these  findings  are  appar- 
ly  reversed.  Protein  is  here  the  first  limiting  factor,  and  then 
mineral  element.  The  data  also  indicate  that  the  corn  pro- 
are  less  efficient  for  growth  than  casein.  The  addition  of 
and  tryptophane  to  maize  did  not  increase  its  efficiency  for 
The  addition  of  some  of  the  adequate  proteins  (egg 
ite)  seemed  of  only  slight  benefit.  In  view  of  these  facts  it 
possible  that  one  of  the  limiting  factors  in  corn  as  a  food 
growing  rats  ia  one  or  more  of  the  growth  accessories. 
Toung  rats  on  a  corn  diet  grow  more  rapidly  when  the  grain 
supplemented  with  casein  than  when  supplemented  with  egg 
^te.  This  observation  assumes  added  significance  since  food 
^^Xirtures  containing  protein-free  milk,  butter,  and  egg  white  are 
^^Vire  efficient  for  growth  than  mixtures  of  corn  and  egg  white, 
though  the  protein  of  the  corn  mixture  furnishes  a  rela- 
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tively  higher  per  cent  of  calories  than  does  the  protein  of  the 
more  eflBcient  diet. 

Autoclaved  corn  mixtures  failed  to  maintain  body  weight,  and 
ultimate  failure  resulted. 

Since  swine  grow  rapidly  on  a  mixture  of  corn  and  egg  white, 
it  is  believed  that  corn  contains  suflScient  of  the  growth  accesso- 
ries for  normal  growth  in  swine. 
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COLORIMETRIC   METHOD  FOR  THE  DETERMINA- 
TION OF  ACETONE  IN  URINE. 

By  frank  a.  CSONKA. 
(From  the  Laboratory  of  Dr.  J.  P.  McKelvy,  Pittsburgh.) 

(Received  for  publication,  August  23,  1916.) 

Frommer'  in  1905  used  salicylic  aldehyde  as  a  qualitative  test 
*"^r  the  detection  of  acetone  in  the  urine.  Tiemann  and  Kees* 
Ixad  already  studied  this  acetone  compound  and  Fabinyi*  in  1900 
^^^rried  the  investigations  still  further.  The  alkali  salt  of  Fabinyi's 
'^ioxydibenzene  acetone 

OH  -  C,H4  -  CH  =  CH  -  CO  -  CH  =  CH  -  CJ^  -  OH 

is  the  compound,  the  red  color  of  wliich  was  made  use  of  by 
^Vommer  in  his  acetone  test.  Frommer's  qualitative  test  is  as 
i^ollows: 

"To  10  cc.  of  urine  about  1  gm.  KOH  is  added.     Before  solution  has 

^occurred  10  to  12  drops  of  a  10  per  cent  solution  of  salicylic  aldehyde  in 

absolute  alcohol  are  added  and  the  mixture  warmed  to  about  70**C.    At 

the  zone  of  contact  of  the  alkali  and  urine  an  intense  purplish  red  ring 

<levelope  in  the  presence  of  acetone.'' 

Frommer  claimed  for  his  test  the  advantage  over  others  in 
that  it  was  specific  for  acetone  as  the  presence  of  diacetic  acid 
did  not  give  the  color  reaction.  Bohrisch/  made  a  critical  study 
of  the  various  qualitative  tests  and  confirmed  Frommer's  claim 
of  superiority  in  his  test,  and  advised  its  general  use.  The 
specificity  of  the  reaction  suggested  its  use  in  the  development 
of  a  colorimetric  method  for  the  quantitative  estimation  of  ace- 
tone, using  the  distillate  of  the  urine  (which  naturally  includes 

»  Frommer,  V.,  Berl.  klin.  Woch.,  1905,  xlii,  1008. 

« Tiemann,  F.,  and  Kees,  A.,  Ber.  chem.  Ges.,  1885,  xviii,  19W. 

■  Fabinyi,  R.,  Chem.  Zenlr.,  1900,  ii,  302. 

*  Bohrisch,  P.,  Pharm.  ZentralhalU,  1907,  xlviii,  207. 
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the  preformed  acetone  and  that  derived  from  the  decomposition 
of  diacetic  acid),  realizing  the  advantages  such  a  method  would 
possess  in  rapidity,  specificity  of  color,  and  simplicity.  The 
Messinger*  iodimetric  method  is  the  one  generally  in  use.  Mar- 
riott* recently  described  a  nephelometric  method  for  the  estima- 
tion of  minute  quantities  of  acetone  in  blood  and  tissues,  which 
method  in  general  was  applied  by  Folin  and  Denis^  to  urine.  The 
aim  of  the  writer  was  to  make  the  colorimetric  method  as  simple 
and  rapid  as  possible  without  sacrificing  accuracy,  making  it 
adaptable  also  to  clinical  work.  It  is  not  a  micro  method,  though 
applicable  to  minute  quantities  when  a  concentrated  acetone 
solution  obtained  by  a  second  slow  distillation  is  used.  All  the 
above  mentioned  methods,  excepting  that  of  Folin  and  Denis, 
require  a  second  time-consuming  distillation  to  make  it  certain 
that  acetone  only  is  included  in  the  result  obtained. 

The  determination  of  j8-oxybutyric  acid  by  the  Shaffer*  method, 
in  which  the  acid  is  oxidized  by  bichromate,  is  in  reality  an  ace- 
tone determination;  he  used  the  Messinger  method  for  determin- 
ing the  acetone.  If  glucose  is  present  in  the  urine  it  must  first 
be  removed,  since  there  goes  into  the  distillate,  in  addition  to 
the  acetone,  other  volatile  substances  that  absorb  the  iodine. 
The  colorimetric  method  is  directly  applicable  to  the  determina- 
tion of  acetone  in  the  distillate;  the  sugar  in  the  urine  does  not 
interfere  with  the  reaction,  since  the  volatile  substances  derived 
from  the  oxidation  of  the  glucose  do  not  give  the  color  reaction.* 
The  removal  of  the  sugar,  which  Shaffer  accomphshed  by  basic 
lead  acetate,  and  a  second  distillation,  is  rendered  unnecessary. 

By  driving  out  all  the  preformed  acetone  before  the  distillation 
by  means  of  an  air  current  (Folin),  it  is  possible  to  determine 
indirectly  the  amount  of  preformed  acetone  by  subtracting  the 
acetone   derived  from    diacetic  acid   from    the   total    acetone. 

*  Messinger,  J.,  Ber.  chem.  Ges.,  1888,  xxi,  3366. 
•Marriott,  W.  M.,  J,  Biol.  Chem.,  1913,  xvi,  281. 

^  Folin,  O.,  and  Denis,  W.,  J.  Biol.  Chem.,  1914,  xviii,  263. 

•  Shaffer,  P.  A.,  and  Marriott,  W.  M.,  J.  Biol.  Chem.,  1913,  xvi,  265. 

'  3  gm.  of  glucose  were  oxidized  by  potassium  bichromate  under  con- 
ditions similar  to  those  given  in  the  text  for  the  /3-oxybutyric  acid  deter- 
mination. The  single  distillate  absorbed  12.15  cc.  0.1  n,  and  another 
sample  18.1  cc.  0.1  n  iodine  solution.  2  cc.  of  the  distillate  did  not  give 
any  color  reaction,  employing  the  method  advised  in  the  text. 
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If  sugar  is  not  present  in  the  urine  the  preformed  acetone  may 
l)e  determined  directly  from  the  urine  and  by  the  subtraction 
of  the  preformed  acetone  from  the  total  acetone,  we  may  calcu- 
late the  amoimt  of  diacetic  acid.  The  presence  of  sugar  in  the 
tirine  used  directly  disturbs  the  intensity  of  the  color  reaction. 

Method. 

Three  solutions  are  necessary  in  the  estimation  of  the  acetone: 
(1)  A  10  per  cent  salicylic  aldehyde  solution  in  95  per  cent  alco- 
hol (10  gm.  salicylic  aldehyde  made  up  to  100  cc.  by  adding  95 
per  cent  alcohol).     (2)  100  per  cent  KOH  solution  (to  100  gm. 
KOH,  solid,  are  added  60  cc.  distilled  water).     (3)  The  standard 
solution.    It  was  found  that  the  most  convenient  way  .to  pre- 
pare the  standard  was  by  checking  the  concentration  of  the  ace- 
tone (c.p.)  by  the  Messinger  method  and  then  making  a  solution 
such  that  2  cc.  should  contain  0.1  mg.  of  acetone.     On  allowing 
the  standard  solution  to  stand  for  a  long  period  of  time,  Marriott* 
Noticed  the  eflfect  of  polymerization  on  the  standard  solution  used 
in  his  nephelometric  method.     It  is  advisable  to  renew  the  stand- 
ard after  10  days,  though  it  was  found  that  there  was  no  appre- 
oiable  change  in  the  color  intensity  after  the  standard  had  stood 
2  weeks,  when  permanency  of  the  color  was  controlled  by  a  freshly 
Ooade  standard  and  also  by  a  bichromate  solution. 

In  performing  the  test,  urine  sufficient  to  contain  8  to  24  mg.  of 
^^cetone  (usually  25  to  100  cc.)  are  measured  by  a  pipette  into  a 
V'SO  cc.  flask;  5  cc.  of  concentrated  H2SO4  are  added  and  the  vol- 
Xune  is  made  up  to  about  300  cc.  with  distilled  water.  The  whole 
i^  distilled  for  20  minutes,  using  a  Liebig  condenser.  The  re- 
Cieiver  should  dip  under  the  liquid  in  the  receiving  flask  to  which 
previously  been  added  25  cc.  of  distilled  water.  The  distillate 
transferred  to  a  200  cc.  normal  flask. 


The  residue  of  urine  from  which  the  total  acetone  was  obtained  can 

fce  used  for  the  determination  of  /S-oxybutyric  acid  (Shaffer).    Dilute  the 

Y^sidue  to  about  400  cc.  with  distilled  water ;  add  10  cc.  concentrated  HsS04 ; 

distill  again  for  2  hours,  adding  drop  by  drop  200  cc.  of  a  0.5  per  cent  solu- 

"tion  of  potassium  bichromate  (for  urine  containing  sugar  use  1  per  cent). 

*The  solution  should  be  kept  at  moderate  boiling  so  that  at  the  end  of  2 

hours  the  distillate  can  be  made  up  to  250  cc.  in  a  normal  flask.    The 

acetone  is  determined  in  the  distillate  as  described  below. 
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2  cc.  of  the  distillate  are  measured  into  each  of  two  large  test- 
tubes,  for  duplicate  determination.  2  cc.  of  a  100  per  cent  KOH 
solution  are  added,  mixed  well,  and  then  1  cc.  of  10  per  cent  sali- 
cylic aldehyde  is  added.  Immediately  the  tubes  are  placed  in 
a  water  bath  at  45-50°C.  for  exactly  20  minutes  to  develop  the 
color.  During  this  time  the  solutions  should  be  thorouglily 
mixed  several  times.  2  cc.  of  the  standard  solution,  containing 
0.1  mg.  of  acetone,  are  prepared  similarly  and  synchronously. 
The  tubes  are  removed  after  20  minutes,  10  cc.  of  distilled  water 
added  to  each  tube,  the  contents  coaled,  and  transferred  to  25  cc. 
normal  flasks  filled  to  the  mark  with  distilled  water.' '^  The  read- 
ing should  be  made  in  a  Duboscq  colorimeter  within  30  to  45 
minutes  from  the  time  of  the  addition  of  salicylic  aldehyde, 
setting  the  standard  at  15  nmi. 

As  above  stated,  if  sugar  is  not  present  in  the  urine,  the  preformed 
acetone  may  be  determined  directly.  The  urine  is  made  alkaline  with 
a  few  drops  of  concentrated  KOH,  filtered,  and  the  filtrate  used  for  the 
direct  determination  of  the  acetone  (preformed),  as  described  above. 

Since  the  development  of  the  color  and  its  intensity  depend 
on  the  concentration  of  the  reagents,  special  care  should  be  taken 
with  exact  measurements.  The  amount  of  salicylic  aldehyde 
and  of  KOH,  and  the  time  for  the  color  development  were  tried 
out  systematically  and  found  to  be  most  satisfactory  when  the 
above  procedure  was  followed.  By  using  pure  acetone  solution 
and  urine  with  known  amounts  of  acetone  added,  it  was  found 
in  several  determinations  that  the  limit  of  error  was  =*=2  per 
cent.  The  colorimetric  method  generally  gives  a  lower  result 
than  the  iodometric. 

SUMMARY. 

A  colorimetric  method  for  the  quantitative  determination  of 
acetone  in  urine  is  presented,  based  on  the  red  color  of  the  alka- 
line salt  of  diox^^dibenzene  acetone,  which  was  first  used  by  From- 
mer  as  a  qualitative  test  for  acetone.  The  method  is  also  recom- 
mended for  clinical  use  on  account  of  its  simplicity,  accuracy, 
and  rapidity  of  estimation. 

'*  In  case  the  solution  presents  too  intense  a  color,  instead  of  using  25 
cc,  the  volume  may  be  made  up  to  50  cc.  and  the  result  multiplied  by  two. 
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THE  TOXICITY  OF  CAROTIN. 

By  H.  GIDEON  WELLS  and  O.  F.   HEDENBURG. 
{From  the  Department  of  Pathology  of  the  University  of  Chicago.) 

(Received  for  publication,  August  23,  1916.) 

In  the  course  of  an  investigation  of  the  effects  of  the  bleaching 
flour  by  chlorine  gas,  it  became  necessary  to  ascertain  the 
ssible  toxicity  of  the  pure  pigment  matter,  both  bleached 
^»id  unbleached.     As  there  could  be  found  in  the  literature  no 
port  of  any  study  of  the  possible  physiological  action  of  color- 
matters  of  this  class,  it  has  seemed  advisable  to  publish  a 
rief  account  of  our  work,  although  the  results  are  entirely 
egative. 

It  is  quite  certain  that  the  coloring  matter  in  flour  is  the  same 
that  in  carrots — carotin.     Wesener  and  Teller  ascribed  the 
olor  in  flour  to  carotin  in  1911,^  and  suggested  this  in  1909. 
onier-Williams*  has  advanced  further  proof  that  the  coloring 
^r>[iatter  in  flour  is  carotin,  which  is  called  "carrotene*'  by  him. 

The  amount  of  carotin  in  flour  is  very  small.     Monier-Williams 
^ound  in  flour  in  parts  per  million  as  follows: 

Unbleached.  Bleached. 

Flour  A  (photographic) 1.4  0.90 

"     A  (colorimetric) 1.3  0.81 

"     B  (  "  ) 2.0  1.28 

The  color  is  usually  obtained  from  carrots,  which  contain  it 
in  relatively  large  quantities.  Will^tatter  obtained  125  gm. 
ffrom  5,000  kg.  of  carrots.  Monier-WilUams  gives  2  gm.  as  the 
yield  from  100  lbs.  of  carrots.  1.3  gm.  coloring  matter  was  ob- 
tained by  us  from  54  lbs.  of  carrots. 

We  obtained  the  coloring  matter  as  follows:  54  lbs.  of  carrots 
yielded  21.2  kg.  cleaned  anJ  trimmed  material,  which  was  ground 

*  Wesener,  J.  A.,  and  Teller,  G.  L.,  J.  Ind.  and  Eng.  Chem.,  1911.  iii,  912. 

*  Monier-Williams,  G.  W.,  Reports,  Local  Gov't  Board  (Great  Britain), 
Pub.  Health  and  Med.  Subjects,  M  Series,  No.  73,  1912. 
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in  a  meat  grinder.  The  ground  material  was  desiccated  first 
by  alcohol  and  then  by  distillation  at  80^90°  in  vacuo.  The 
dried  mass  was  extracted  with  boiling  95  per  cent  alcohol.  The 
alcohol  extract  yielded  an  extract  with  chloroform  which  was 
saponified  with  alcoholic  potash.  After  the  alcohol  was  removed 
by  distillation,  the  residue  was  dissolved  in  water  and  extracted 
with  ether.  This  ether  extract  weighed  11.2  gm.  and  consisted 
of  colorless  crystals  mixed  with  carotin.  The  pigment  was  con- 
centrated by  dissolving  the  entire  mass  in  carbon  bisulfide  and 
alcohol  with  the  subsequent  addition  of  enough  water  to  cause 
the  carbon  bisulfide  to  separate,  carrying  with  it  most  of  the 
color.  Several  such  treatments  gave  finally  a  highly  colored 
mass  that  left  practically  nothing  in  the  alcohol-water  layer. 
This  was  now  treated  with  alcoholic  potash  to  remove  with 
certainty  all  carbon  bisulfide.  After  removing  the  alcohol  the 
aqueous  solution  of  the  residue  yielded  an  ether  extract  contain- 
ing 1.3  gm.  of  concentrated  pigment. 

One-half  of  the  pigment,  0.65  gm.,  was  chlorinated  as  follows: 
The  ether  solution  was  shaken  with  a  water  solution  of  chlorine 
(6  cc.  CU  solution  containing  0.01443  gm.  CU  per  cc).  0.65 
gm.  carotin,  C4oH5e,  requires  by  theory  0.0861  gm.  CI2  to  form 
C40H66CI2,  and  our  material  used  0.08658  gm.  CI2.  The  color  of 
the  ether  solution  decreased  and  the  Clj  odor  vanished.  The 
chlorinated  product  weighed  about  0.09  gm.  more  than  the 
initial  amount. 

In  subsequent  experiments  we  obtained  but  1.2  gm.  pigment 
from  200  lbs.  of  carrots,  which  vary  greatly  in  pigmentation  at 
different  seasons. 

This  purified  pigment  was  used  in  the  following  experiments. 
As  it  is  soluble  only  in  fat  solvents,  which  are  all  more  or  less 
toxic,  it  was  used  dissolved  in  sterile  olive  oil.  This  would 
seem  to  be  a  suitable  solvent,  however,  as  shown  by  the  efficiency 
of  phlorhizin  dissolved  in  oil  when  used  in  metabolism  studies. 
Because  of  the  extremely  minute  quantity  of  coloring  matter 
contained  in  flour,  it  was  not  feasible  to  conduct  experiments 
with  carotin  from  flour,  as  only  1  gm.  of  color  is  contained  in 
1,000  kg.  of  flour,  and  in  view  of  the  demonstrated  identity  of 
the  coloring  matter  of  flour  and  carotin  from  carrots  the  investi- 
gation of  the  latter  seemed  suflicient. 
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"wo  pairs  of  male  guinea  pigs  were  given  intraperitoneal 
injections  of  carotin  dissolved  in  olive  oil  and  sterilized  by  brief 
ii eating  on  the  water  bath. 


^^  1.  Wt.  339  gm.,  given  3  cc.  oil  with  0.100  gm.  natural  carotin, 

i^  1.  Wt.  316    "         "      3    "    "      "      0.100    "    chlorinated  carotin. 

>^  2.  Wt.  265    "         "5    "     "      "      0.200    "    natural  carotin. 

2.  Wt.  245    "         "5    "    "      "      0.200    "    chlorinated  carotin. 


These  animals  were  kept  mider  close  observation  for  12  hours, 
"^^^^  t>cmperature  being  taken  every  2  hours.  At  the  end  of  4 
^^-y^,  during  which  they  were  frequently  examined,  they  were 
■^^ll^d  with  illuminating  gas.  Practically  no  effects  were  observed. 
^^^J^  sliowed  a  rise  of  1-2°F.,  2  to  6  hours  after  the  injection,  but 
clid  control  pigs  given  olive  oil  alone.  They  all  remained 
but  alert,  and  ate  as  well  as  the  control  pigs.  The  urine 
^"^  ixo  time  showed  albumin  or  sugar,  but  was  of  a  deep  reddish 
*-^^^^^^ini  color.  The  autopsies  showed  no  changes  except  the  pres- 
of  a  considerable  amount  of  fatty  yellow  material  in  the 
oneum,  but  much  less  than  the  amount  injected.  There 
no  signs  of  inflanmiation  or  other  local  changes.  All  the 
Ta  seemed  normal  in  both  gross  and  microscopic  examination. 
^^"Vidently  carotin  possesses  no  considerable  toxicity,  if  any, 
chlorination  does  not  make  it  demonstrably  toxic.  The 
j^^^i^tities  of  carotin  used  in  these  experiments  are  enormous  in 
parison  to  the  amounts  that  could  be  obtained  from  any 
,  even  carrots.  The  larger  dose  used,  0.2  gm.,  is  as  much 
is  contained  in  200  kg.  of  flour,  or  as  lutein  in  4,000  cows' 
'^ries  (Escher*). 

LfOcal  or  Cellular  Toxicity, 

Although  the  absence  of  either  symptoms  or  anatomic  evidence 
irritation  after  intraperitoneal  injections  of  carotin  indicated 
^iat  it  can  have  little  or  no  local  eflfect,  this  was  determined  more 
definitely  by  a  series  of  intradermic  tests.  This  method,  devised 
^nd  used  in  this  laboratory  by  Dr.  Corper*  for  the  study  of  local 
toxicity,  has  been  found  very  useful  for  this  purpose.  The 
l>rinciple  and  method  are  similar  to  those  used  in  the  intradermic 

» Escher,  H.  H.,  Z.  Physiol.  Chem.,  1913;  Ixxxiii,  198. 
♦  Corper,  H.  J.,  /.  BioL  Chem.,  1915,  xx,  p.  xxi. 
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injection  of  tuberculin  or  diphtheria  toxin.  As  the  two  prepara- 
tions to  be  compared  are  injected  side  by  side  in  the  same  ani- 
mal, no  individual  peculiarities  of  the  animal  enter  as  a  source 
of  confusion  or  error. 

The  carotin,  dissolved  in  varying  concentration  in  olive  oil, 
was  injected  in  parallel  sites  intradermically  in  0.2  cc.  quantities 
into  two  guinea  pigs.     The  effects  were  the  same  in  both. 

Carotin  dissolved  in  olive  oil  to  the  strength  of  10  per  cent 
seems  to  have  a  very  sHght  local  toxicity,  as  shown  by  the  devel- 
opment of  a  little  edema  and  sweUing.  At  1  per  cent  the  results 
are  very  little  different  from  those  with  oUve  oil  alone.  These 
results  are  not  appreciably  different  with  chlorinated  and  natural 
carotin.  Olive  oil  containing  very  small  amounts  of  carotin 
(0.1  per  cent)  seems  to  cause,  if  anything,  slightly  less  protracted 
swelling  than  olive  oil  alone;  possibly  a  slight  irritant  effect  from 
carotin  hastens  absorption. 

These  experiments  indicate  that  even  in  relatively  very  large 
doses  carotin,  whether  in  its  natural  state  or  saturated  with 
chlorine,  is  almost  entirely  devoid  of  toxicity.  Such  large  amounts 
as  20  mg.  injected  intradermically  cause  only  a  local  edema  and 
inflammation,  but  no  necrosis. 

The  extensive  studies  of  Palmer  and  Eckles^  indicate  that  caro- 
tin is  almost  universally  distributed  throughout  all  animal  bodies, 
coming  chiefly,  if  not  solely,  from  the  food.  Our  few  experiments 
seem  to  be  sufficient  to  warrant  the  assumption  that  any  such 
quantities  as  can  ever  accumulate  in  the  tissues  have  no  harmful 
effects. 

»  Palmer,  L.  S.,  and  Ecklcs,  C.  H.,  J,  Biol.  Chem.,  1914,  xvii,  191. 
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the  publications  from  this  laboratory  and  many  others 
resvxX-fe  have  often  been  expressed  with  more  decimal  places 
th^r-^  ^re  justified  by  the  accuracy  of  the  methods  or  the  significance 
^^  'tixe  findings.  This  involves  a  waste  of  time  and  printers' 
i"«^  ^nd  gives  the  reader  a  false  impression  of  the  work.  It  is 
^^^  5~^^^ly  desirable  to  get  along  with  the  smallest  number  of 
"^^^"ti-s  that  will  do  justice  to  the  experiment  and  yet  allow  other 
in^*e>^tigators  to  recalculate  the  work. 

^-^^    the  publication  of  data  three  factors  must  be  considered: 
)^     ^he  accuracy  of  the  anal>i;ical  results;  (2)  the  possible  errors 
^^     "^tie  methods  of  calculation;  and  (3)  the  significance  of  the 
^^ings.     It  may  be  well  to  consider  them  in  this  order. 

■'-^fcere  is  great  variation  in  the  accuracy  of  the  different  methods 
^  ^^nalysis  used  in  metabolism  experiments.  An  attempt  is 
"SiA.2^11y  made  to  keep  al>  possible  errors  within  the  limits  of  1 
*^^  cjent,  but  few  investigators  believe  that  they  can  do  this  in 
L^  "^  fceir  work.  There  are  some  methods  in  which  the  error  may 
i^_  ^^Jistinctly  less  than  1  per  cent  but  they  are  usually  aflfected 
►ome  other  factor  in  which  the  error  is  much  greater. 


by 


^.        ~*-^lman,***  in  his  standard  work  on  computations,  gives,  among  others, 
4  _  ^ollowiog  principles  and  rules  which  are  well  worth  repeating: 

^fcetain  everywhere  enough  places  to  correspond  to  two  unreliable 
in  the  final  result;  the  direct  object  of  tfiis  is  to  keep  the  first  place 


Pl^ 


Solman,  S.  W.,  Computation  Rules  and  Logarithms,  New  York,  1915. 
dolman,  Precision  of  Measurements,  Xew  York,  2nd  edition.  1904. 
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of  unreliable  figures  in  the  final  result  substantially  free  fron:i  the  accumu 
lated  rejection  errors. 

Exceptions :  A  final  result  is  seldom  stated  to  more  than  one  uncertaii 
place  unless  the  uncertainty  of  that  place  is  small  (say  plus  or  minus  fou 
or  less). 

In  multiplication  or  division,  the  percentage  accuracy  of  the  produc 
or  quotient  cannot  exceed  that  of  the  factor  whose  percentage  accuracy 
is  least. 

In  addition  or  subtraction,  the  result  cannot  be  accurate  beyond  th< 
first  decimal  place  which  is  inaccurate  in  any  component. 

In  casting  off  places  of  figures,  increase  by  1  the  last  figure  retained 
when  the  first  left-hand  rejected  figure  is  5  or  greater;  otherwise  leave  i1 
unchanged. 

A  mean  or  average  should  always  be  carried  to  two  imreliable  figures. 

A  mean  is  more  reliable  than  the  single  observation  from  which  it  ii 
computed  (in  proportion  to  |^^n,  the  square  root  of  the  number  of  observa- 
tions).'' Undue  importance  should  not  be  attached  to  this  numerical  re- 
lation when  the  number  of  observations  is  very  small,  as  for  instance  whei 
not  exceeding  5  or  10. 

"In  direct  multiplication  or  division,  retain  in  every  factor,  product, 
and  quotient  throughout  the  entire  process,  and  in  final  results,  for  an  ac- 
curacy of  about  one  per  cent,  or  worse,  four  places  of  significant  figures 
one-tenth  per  cent,  or  worse,  five  places  of  significant  figures;  and  so  on 

If  the  multiplication  or  division  is  performed  by  means  of  logarithms 
the  mantissa  should  contain  as  many  places  as  are  required  by  the  fore- 
going rules  for  the  direct  process;  i.e.,  for  about  one  per  cent,  or  worse 
use  four  place  tables;  one-tenth  per  cent,  or  worse,  use  five  place  tables. 

In  addition  or  subtraction  .  .  .  .  ,  for  an  accuracy  of  about  1  pei 
cent,  or  worse,  carry  the  result  to  four  places  of  significant  figures,  etc. 

If  a  single  observation  deviates  widely  from  the  others  of  the  series 
and  no  source  of  error  can  be  discovered  it  should  be  published  but  nol 
used  in  determining  the  mean  except  as  follows.'  ''Take  the  mean  anc 
the  (average  deviation)  a.d.  from  this  mean  of  the  observations  omittini 
the  doubtful  one.    Find  the  deviation  (d,)  of  that  one  from  the  mean 

Then   reject   the  observation  ii  d.  >  4  a.d Something  must 

also  be  left  to  the  judgment  of  the  observer  as  to  the  propriety  oi 
making  a  rejection." 

As  Holman'  goes  on  to  say:  "There  is  a  tendency,  especially  amonf 
inexperienced  observers,  to  become  biassed  by  the  first  one  or  two  read 
ings  of  a  series,  and  to  reject,  without  recording  it,  any  later  one  whicl 
does  not  closely  accord  with  these,  tacitly  assuming  it  to  be  faulty.  Thii 
is  an  essentially  vicious  practice  which  cannot  be  too  carefully  avoided 
Other  things  being  equal  the  later  observations  are  entitled  to  greatei 
rather  than  less  weight  than  the  earlier  ones,  and  no  result  should  be  re* 
jected  without  suflScient  warrant. 


*  Holman,  Precision  of  Measurements,  New  York,  2nd  edition,  1904,  30 
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The  rules*  are  so  framed  that,  barring  mistakes,  the  greatest  possible 
computation  error  entering  into  the  result  of  any  ordinary  computation 
i^-g.,  one  involving  a  total  of  not  much  exceeding  twenty  component 
numbers,  steps,  or  operations,  where  a  rejection  error  may  occur)  shall 
not  be  sensible  compared  with  the  errors  of  the  measurements  or  data, 
or  shall  not  sensibly  a£fect  the  accuracy  of  the  results.    They  are,  there- 
fore,  safe  rules  in  the  worst  possible  cases.    But  in  order  to  be  so  they  are 
necessarily  more  than  sufficiently  stringent  for  some  classes  of  compara- 
tively rough  work,  where  the  infrequent  undetected  entrance  of  a  com- 
petition error  two  to  four  times  as  large  as  the  experimental  error  would 
be    permissible.    For  such  work,  one  less  place  of  figures  may  be  used, 
bii^  ^when  the  rules  are  thus  relaxed  the  possible  consequence  should  be 
'^oi'iie  in  mind,  and  special  scrutiny  applied  to  the  various  stages  of  the 
^^XAputation,  special  attention  being  directed  to  quantities  beginning 
'^tiH  1  or  2." 

The  maximum  rejection  error  possible  in  any  given  equation 

^^^-n    be  readily  calculated  from  the  formula  yrr;,  n  representing 

*^^  mmiber  of  factors,  quotients,  and  products  at  which  rejec- 
taoruj  are  made  and  r  representing  the  last  place  retained.  5  is, 
^^  oourse,  the  maximum  rejection  error  in  any  one  number  and 
^'^  is  conceivable  that  it  might  be  rejected  in  the  same  direction 
^^  ^very  case.    The  greatest  percentage  error  will  occur  if  every 

*m  1 

i^crtor  begins  with  the  digits  10.     In  order  to  make  tt^  =  Tqq  or 

^  I>«r  cent  we  can  have  the  following  combinations:  r  =  3  and 
^  ==  2,  or  r  =  4  and  n  =  20.  Therefore,  if  we  use  only  two  fac- 
^^B  we  need  retain  only  three  places  to  have  the  maximum  error 
1  l>€r  cent.  K  we  have  20  factors,  quotients,  etc.,  we  must  re- 
^^^ixi  four  places.  It  is  extremely  improbable  that  the  figure 
^^j^cted  would  be  +5  or  —5  in  every  case  and  the  natural  ten- 
P^mcy  would  be  for  the  rejections  to  neutralize  each  other.  It 
*8  ^Iso  improbable  that  all  the  factors  would  begin  with  1.  If, 
*OT-  instance,  any  factor  began  with  5,  the  above  percentage  error 
^o^d  be  divided  by  5. 

In  some  of  the  calorimeter  calculations  there  are  as  many  as 
"^"t^en  or  twenty  multiplications,  divisions,  etc.,  and  it  is  obvious 
^^^^t  for  such  work  four  places  should  be  retained  until  the  end. 
^^  the  other  hand,  analyses  of  food,  urine,  etc.,  involve  simple 

^  Bolman,  Computation  Rules  and  Logarithms,  New  York,  1915,  p.  xliii. 
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calculations  with  only  three  or  four  factors,  some  of  them  bein 
constants.     For  such  cases  the  average  error  would  l;e  sma 
and  the  maximum  error  infrequent  if  the  fourth  place  of  eac 
titration  or  weighing  were  rejected  at  the  start.     If  n  were 
.u  '  ^A^         5  +  5  +  5  +  5  20        ^ 

the  maximum  error  would  be  jo.o  x  10.0  X  10.0  =  1006'^ 

probable    error   would    be    more    like   the   following    examph 

15X)X^84^oV32.0  =  4032-  ^"^^^  '^  *^«  maximum  error  did  o< 
cur  it  would  be  diminished  in  the  averages.  The  safest  ruL 
however,  is  to  retain  through  the  calculations  four  places  whej 
ever  possible.  There  is  no  need  of  retaining  five  places  in  an 
metabolism  work  except,  perhaps,  in  a  few  of  the  calorimetc 
calculations  where  we  are  dealing  with  small  differences  betwee 
large  numbers.  The  use  of  five  place  logarithm  tables  can  b 
almost  entirely  abandoned  if  the  interpolations  be  carefully  mad 
in  four  place  tables. 

If  shde  rules  be  used,  it  is  usually  considered  that  a  20  inc 
rule  corresponds  to  a  four  place  logarithm  table. 

When  we  come  to  the  publication  of  the  results  the  matte 
is  entirely  different.  The  calculations  have  been  made  and  th 
dangers  from  rejection  errors  have  been  passed.  Subsequen 
investigators  may  recalculate  the  findings  but  such  recalculation 
are  seldom  complicated  and  do  not  involve  many  divisions  o 
multiplications.  After  all,  a  man  who  recalculates  the  work  fron 
another  laboratory  does  not  expect  the  error  to  be  less  than 
per  cent. 

Even  the  man  who  publishes  does  not  often  claim  greate 
accuracy  than  this.  Were  the  analytical  results  accurate  withii 
0.1  per  cent,  there  would  be  no  significance  in  such  accuracy 
It  is  hard  to  conceive  of  a  1  per  cent  difference  causing  any  chang: 
in  the  interpretation  of  any  one  metabolism  experiment.  A  I 
per  cent  difference  would  be  of  significance  only  in  the  mean  of  i 
large  number  of  experiments.  If  final  results  are  expressed  ii 
three  places  they  will  always  be  within  the  1  per  cent  limit  and 
except  for  nimibers  beginning  with  1,  they  will  be  far  withir 
this  limit. 

Each  investigator  will  probably  decide  for  himself  the  numbei 
of  significant  figures  that  he  will  pubUsh.     It  is  the  purpose  oi 
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the  present  paper  to  standardize  the  number  of  places  used  in 
the  publications  from  the  Russell  Sage  Institute  of  Pathology. 
'f  the  number  of  places  is  smaller  than  heretofore  used  it  must 
not  be  felt  that  the  accuracy  of  the  work  has  been  impaired  or 
^  been  considered  inferior  to  that  of  other  laboratories.     Analy- 
se of  food,  urine,  and  feces  are  always  made  in  duplicate  and 
standard  methods  used.     The  bomb  calorimeter  is  of  the  best 
type   made.     The  respiration  calorimeter  is  probably  the  most 
accurate  machine  of  its  kind  ever  constructed.     In  the  metabolism 
ward  the  collection  of  specimens  is  all  that  could  be  desired  ex- 
cept in  the  case  of  very  stupid  patients.     An  endeavor  is  made  to 
keep  the  administration  of  foods  to  the  patients  as  accurate  as 
the  analytical  methods.     Only  foods  which  var>''  but  slightly  in 
^"^Position  are  used  and  these  are  weighed  before  cooking, 
samples  being  taken  from  time  to  time  for  analysis.     The  most 
uncertain  quantity  is  the  patient  himself  or  rather  the  physiologi- 
cal   la^r  which  is  being  investigated.     Nature  does  not  work 
within   1  per  cent  limits,  especially  in  disease. 

^  table  is  given  showing  the  number  of  places  to  which  results 
^*  be  expressed  in  the  publications  from  this  Institute.  In 
n^^^st  eases  three  significant  figures  will  be  used;  in  some  where 
^"^  anal>^s  is  not  quite  so  exact  only  two  will  be  given.  In 
sooie  of  the  analyses  of  food,  blood,  and  feces,  either  two  or  three 
"^^es  will  be  used,  depending  on  the  amounts  present  and  the 
"^^thods  of  analysis.  It  must  not  be  felt  that  this  table  is  in- 
tended to  disparage  the  accuracy  of  any  particular  method  of 
ana.lygig^  The  rejections  of  the  third  and  fourth  places  have  been 
"^de  chiefly  because  they  lack  significance.  For  example,  we 
^Uld  determine  the  total  nitrogen  of  the  urine  and  feces  to  0.01 
P^*  but  if  we  did  not  analyze  the  sweat,  the  first  decimal  place 
^  the  total  excreta  nitrogen  might  show  a  considerable  error. 
^"MSain,  the  third  decimal  place  in  the  respiratory  quotient  is 
^^^iable  and  of  no  significance  except  in  alcohol  checks  and  in 
^"^ere  diabetes  where  it  is  of  considerable  interest  and  of  approxi- 
"^^te  accuracy  in  many  cases. 
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SUMMARY  AND   CONCLUSIONS. 

In  metabolism  work  the  analytical  error  is  seldom  much  less 
than  1  per  cent.  A  variation  of  1  per  cent  in  the  result  of  an 
experiment  would  not  change  its  significance  or  affect  its  inter- 
pretation. For  these  reasons,  it  seems  unnecessary  to  publish 
more  than  three  significant  figures  in  the  tables  of  data  and  in 
some  cases  it  is  not  worth  while  to  publish  more  than  two.  In 
order  to  avoid  the  accumulated  rejection  error  it  is  advisable  to 
retain  four  figures  wherever  possible  in  the  calculations  and  re- 
ject the  fourth  digit  only  in  the  final  result. 


TABLE  L 

The  Number  of  Places  of  Significant  Figures  Adopted  as  Standards  in  the 

Publication  of  Metabolism  Data. 


\ 

No.  of 

signifioant 

fiffures. 

Eacamplas. 

Unit. 

Urine. 
Volume 

3 
3 
3 
3 
3 
3 
3 
3 
2 
3 
3 
3 
3 
3 
3 
3 
3 
3 

3 

3 
2 

2-3 

3 

1,560. 

12.4 

28.2 
1.24 

11.3 
0.013 
0.658 
0.451 
0.031 
0.681 

14.5 
0.902 
1.46 
5.23 
4.43 

24.5 
246. 
3.65 

1.34 
12.5 
1.2 
0.98 
56.4 

654. 
7.45 
9.84 
0  777 

0.999 
0.851 
2.45 

0.971 
6.34 

2.45 

• 

Cc. 

Total  nitroeen 

Gm. 

Glucose 

Ammonia  N 

Urea  N 

Creatine  N 

Creatinine  N 

Uric  acid  N 

Purine  base  N 

Amino-acid  N 

Sodium  chloride 

• 

Total  sulfur 

Total  phosphorus 

Acetone 

Diacetic  acid 

iS-Oxvbutvric 

Acidity  0.1  n 

Cc. 

D  :N 

Feces. 
Nitrogen 

Gm. 

Fat 

Carbohydrate 

Ash 

Moisture 

f 
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TABLE  I — Continued. 


(analyses), 
eat  of  combustion. 

^J"  analysis 

X^i-otein  (N  X  6.25)*. 

^E'ther  extract 

loephonis 

•bohydrate 

Lum  chloride 

^^^oisture 

ocixl  (given  in  ward). 
^C_^jilories 


at 

ar bohydrate. . . 
ium  chloride. 


irea  N 

ion-protein  N 

CZalucose 

^LJreatinine 

Trie  acid 

Chlorides 

^at 

<.jOt  combining  capacity. 


measurements. 

"Weight 

Beight 

Surface  area 

Temperature 

^spiratory  metabolism. 

CO, 

O, 

H,0 

Calories,  direct 

Calories,  indirect 

Respiratory  quotient 

R.  Q.,  severe  diabetes 

Per  cent  calories  from  protein 
fat  and  carbohydrate 


No.  of 

■unificant 

figures. 


3 
3 
3 
3 
3 
3 
3 
3 

3 
3 
2 
2 
2 
2 

2-3 
2-3 
2-3 

2 

2 

3 

2 

2 


3 
3 
3 
3 

3 

3 

3 

3 

3* 

2 

3 


Examplra. 


3.24 
10.1 
63.1 
17.5 

1.52 
83.4 

1.33 
54.5 

2,340. 

14.5 

24. 
250. 

16. 
2,500.0 

102. 
201. 
132. 

13. 

11. 
592. 
230. 

69. 


74.3 
178. 

1.85 
37.2 

24.6 

23.4 

34.7 

65.9 

66.3 
.82 
.697 

17. 


23. 

52. 

89. 
1.3 
2.1 

140. 


Unit. 


Cal. 
Gm. 


Cal. 
Gm. 


Mg. 


Volume 
percent. 

Kg. 
Cm. 
Sq.  m. 

•c. 

Gm. 

« 

Cal. 


Per  cent. 


*This  factor  is  for  general  use.  For  special  cases  it  is  more  desirable 
Xo  separate  the  protein  and  weigh  it  as  such,  or  in  cases  where  the  nature 
Of  the  protein  is  known  to  apply  the  proper  conversion  factor. 
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PERMEABILITT  OF  LIVING  CELLS  TO  ACIDS  AND 

ALKALIES. 

By  a.  R.  HAAS. 
the  Laboratory  of  Plant  Physiology,  Harvard  University,  Cambridge.) 

(Received  for  publication,  August  10,  1916.) 

cent  investigation  has  rendered  it  increasingly  clear  thai 
of  the  most  powerful  means  of  influencing  metabolism  is  by. 

ging  the  reaction  of  the  protoplasm.  In  view  of  this,  the 
etration  of  acid  and  alkali  into  the  cell  has  taken  on  additional 


me  of  the  most  important  contributions  to  this  subject  may  be  briefly 

K^tioned.    De  Vries^  found  that  the  red  sap  of  the  cells  of  the  red  beet 

brown  when  placed  in  NH4OH,  but  that  on  washing  in  water  thier 

color  again  returns.    Pfeffer*  showed  that  the  red  sap  of  Ptdmonaria 

<«l8,  of  the  stamen  hairs  of  Tradescantia,  and  of  sections  of  beet  root 

%  becomes  blue  and  then  greenish  in  dilute  NH4OH,  KOH,  or  KtCOi. 

ffer*  mentions  that  as  a  rule  the  original  color  returns  when  the  tissuiB 

11  washed  with  water,  while  if  the  reagents  are  sufficiently  dilute  and 

action  not  too  prolonged,  the  cells  remain  living  for  a  time. 

lant  cells  have  not  been  utilized  in  recent  investigations  on  the  per- 

ability  of  protoplasm  to  acids  and  alkalies,  chiefl3r^  because  the  blue 

^hocyan  pigments  of  petals  were  considered  not  to  be  sensitive  enougb 

weak  acids  (such  as  acetic)  and  also  because  of  the  fact  that  many 

^mt  cells  are  cuticularized  and  are  therefore  not  readily  wetted  or  pene- 

^ted  by  the  solutions. 

Sethe*  found  that  neutral  red  could  be  introduced  into  cells  as  an  indr- 

^tor  in  the  study  of  permeability.    Warburg*  in  his  work  on  the  permea- 

lity  of  sea  urchin  eggs  to  alkalies,  made  use  of  this  dye  in  staining  the 

*  De  Vries,  H.,  Arch,  Nierland.  8c.  exact,  et  not,,  1871,  vi,  124. 

» Pfeffer,  W.,  Osmotische  Untersuchungen,  Leipsic,  1877, 140.   Ruhland,  W. 
V'%^aAr6.  tries.  Bot,,  1909,  xlvi,  1),  has  confirmed  these  observations. 

» Pfeffer,  The  Physiology  of  Plants,  Oxford,  2nd  edition,  1903-06,  i,  92. 

*  Harvey.  E.  N.,  Science,  1914,  xxxix,  947. 

•  Bethe,  A.,  Arch,  gee,  PhysioL,  1909,  cxxvii,  219. 

•  Warburg,  O.,  Z.  physiol.  Chem,,  1910,  Ixvi,  265, 
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cells.  Harvey,^  in  his  studies  on  the  penetration  of  cells  to  alkalies  fou 
it  difficult  to  secure  animals  whose  cells  contain  a  pigment  that  show 
marked  color  change  on  addition  of  alkali.  In  the  absence  of  a  suital 
pigment  he  introduced  neutral  red  into  the  cells,  a  method  which  has  hi 
criticized  recently"  but  which  Harvey'  has  shown  to  be  unaffected  by  p 
teins,  lecithin,  etc.,  in  respect  to  sensitivity  to  different  alkalies.  It  % 
found'  that  living  cells  would  not  stand  staining  with  indicators  of  ac 
(as  had  been  done  previously  for  alkalies),  so  that  organisms  with  natu 
pigment  had  to  be  found.  Though  many  pigmented  animals  are  kno 
to  occur,  those  containing  suitable  indicators  are  quite  rare. 

While  on  the  Barrier  Reef  expedition,'  Harvey  obtained  Sticfu>} 
ananas f  the  "prickly  fish,"  which  contains  a  natural  indicator.  The  p 
mented  testis  of  this  form  served  as  material  for  his  study  of  the  speed 
acid  penetration  of  protoplasm.  Crozier,*^  at  the  Bermuda  Biologi 
Station,  foimd  Chromodoris  zebra^  a  nudibranch,  containing  a  suita 
indicator,  which  he  utilized  in  studying  the  penetration  of  acids.  Furtl 
investigations  at  Bermuda  have  enabled  Crozier"  to  describe  the  co 
changes  of  indicators  derived  from  four  pigmented  animals,  showing  tl 
natural  indicators  in  animals  are  not  quite  so  rare  as  had  previously  be 
supposed.  As  investigators  have  found  it  necessary  to  go  to  a  consid 
Able  distance  to  secure  naturally  pigmented  animals  suitable  for  such  sti 
ies,  it  seems  very  desirable  to  ascertain  whether  plant  tissues  suita 
for  such  studies  are  not  readily  available. 

The  writer  has  found  that  many  blue  petals  are  admiral 
adapted  to  the  study  of  the  penetration  of  acids  and  that  ma 
red  petals  and  other  parts  are  well  suited  to  the  study  of  the  pei 
tration  of  alkalies.  In  the  course  of  these  experiments  the  wrii 
has  made  extensive  use  of  the  following:  1.  Petals  of  Browal 
speciosa.  2.  Petals  of  Pelargonium,  3.  Perianth  of  "Queen 
the  blue''  hyacinth.    4.  Root  of  red  radish. 

It  is  evident  that  in  such  investigations  it  is  important 
compare  the  rate  of  penetration  of  (1)  acids  and  alkalies  of  t 
same  normal  concentration  as  foimd  by  ordinary  titration,  a 
(2)  acids  and  alkaUes  of  the  same  hydrogen  ion  concentrati 
as  found  by  means  of  the  gas  chain.  Accordingly,  a  series 
0.01  N  acids  and  alkalies  were  prepared  by  ordinary  titrati 
methods.     A  similar  series  of  acids  of  0.01  n  hydrogen  ion  cc 

"  Harvey,  J,  Exp.  ZooL,  1911,  x,  507. 

•  McClendon,  J.  F.,  and  Mitchell,  P.  H.,  J.  Biol.  Chem.,  1911-12,  x,  45! 
» Harvey,  Am.  J.  Physiol.,  1912-13,  xxxi,  335. 
"  Crozier,  W.  J.,  Science,  1915,  xlii,  735. 
»» Crozier,  J.  Biol.  Chem.,  1916,  xxiv,  2(58,  443. 
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cea.-^ -ration  and  alkalies  of  0.01  n  hydroxyl  ion  concentration  was 
ro^  ^lie  up  by  means  of  the  gas  chain.  Approximately  50  cc.  of  each 
aoli^&^on  were  rim  into  each  separate  tmnbler.  The  tumblers 
weK-5^  ordinarily  kept  covered  with  glass  plates.  Blocks  of  rubber 
th&.^^  had  been  boiled  in  water  for  several  da^'s  were  slit  so  that 
th^  plant  material  could  be  firmly  held  in  the  slit.  After  the 
ins^^:rtion  of  the  material  into  the  rubber,  the  edge  of  the  tissue 
wnyy  cut  across  smoothly  by  means  of  a  sharp  razor.  This  razor 
cufc  was  made  to  allow  the  acid  to  penetrate  through  the  uncuti- 
cnl  ^=^rized  walls  of  the  cells,  since  it  was  found  that  penetration 
thr-ic3ugh  intact  cuticle  is  excessively  slow.  The  cutting  does 
no'fc  appear  to  injure  in  any  way  the  cells  in  the  neighborhood  of 
th^a^  cut  or  to  aflfect  the  color  changes  which  were  used  as  a  crite- 
ri<^^»zM  of  penetration.  The  rubber  cubes,  below  the  surface  of  the 
sol'^.ition,  hold  the  material  and  should  any  air  bubbles  be  si- 
tac^^Jied  to  the  tissue,  they  are  readily  removed  with  the  help  of 
ais^Iassrod. 

^Hie  criterion  of  penetration  was  the  first  appearance  of  a 
Ye'^r-;y  narrow,  just  distinguishable,  band  along  the  cut  edge  which 
observed  with  the  use  of  the  daylight  lamp.'-    If  the  cells 
washed  in  distilled  water  when  the  first  change  of  color  ap- 
P^^rs,  the  normal  color  reappears.    The  primary  object  of  the 
^'^T>eriments  has  been  to  ascertain  whether  or  not  the  same  rela- 
^^^"^  order  of  penetration  found  with  animal  tissues  obtained  also 
*^     the  case  of  plant  tissue.    The  experiments  were  run  for  as 
^l^ort  a  time  as  possible,  usually  less  than  i  hour  and  seldom  over 
1  hour. 

^^Iien  a  very  weak  acid  is  penetrating  the  cells  very  slowly,  the 
iiiclie^^or  may  be  broken  doii^Ti  before  sufiicient  acid  has  entered 
^^^  Cell  in  order  to  cause  a  change  of  color  in  the  indicator.  \Mien 
^'^eh  cases  occur  they  can  be  readily  recognized  by  making  an 
extract  and  then  adding  the  indicator  at  various  rates  of  speed 
^^  the  acid  in  a  test-tube.  Short  exposure  of  the  plant  material 
^^  the  solutions  decreases  the  possibility  of  errors  due  to  patho- 
*^^fdcal  conditions. 

In  the  following  tables  the  acids  are  arranged  in  order  of 
l>^Hetration,  the  most  rapidly  penetrating  being  placed   first. 


11 


Crosier,  Science,  1915,  xlii,  764. 
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Each  table  gives  the  results  of  several  (five  to  ten)  seriei 
experiments. 


TABLE  I. 

Brotoallia  PetaU, 


0.01  N  total  alkali  (titration). 
Ammonium  hydroxide. 
Sodium 
Potassium 


« 


i< 


0.01  N  total  acid  (titration). 
Salicylic. 
Benzoic. 
Trichloroacetic. 
Formic. 
Hydrochloric. 
Nitric. 
Sulfuric. 
Phosphoric. 
Oxalic. 
Tartaric. 
Lactic.  \  «,         , 
Citric. )  V^'y  '^''^' 
Acetic.    Extremely  slow. 


TABLE  n. 
Hyacinth  Perianth, 

0.01  N  total  acid  (titration). 
Benzoic. 
Salicylic. 
Trichloroacetic. 
Hydrochloric. 
Nitric. 
Sulfuric. 
Oxalic. 
Formic. 
Phosphoric. 
Tartaric. 
Lactic. 
Citric.    1 

Butyric.  \  Very  slow. 
Acetic.    J 


TABLE  in. 
Pelargonium  Petals. 

0.01  N  total  alkali  (titration). 
Ammonium  hydroxide. 
Sodium  hydroxide;  po- 
tassium hydroxide. 
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Table  I  shows  that  the  results  with  BrowaUia  petals  coincide 

ith  the  results  obtained  with  0.01  n  acids  by  Harvey  and  Crozier, 

orking  with  animal  tissues,  except  that  in  Harvey's  experiments 

otic  and  oxalic  acids  penetrated  more  rapidly  than  phosphoric. 

is  difference  is  probably  of  Uttle  significance,  since  oxahc  acid 

netrates  more  rapidly  than  phosphoric  into  the  perianth  of 

he  hyacinth  (Table  II). 

Test-tube  experiments  with  the  natural  indicators  showed  that 

n  adding  0.01  n  acetic  or  butyric  acids  the  indicators  broke  down 

•suid  changed  color  in  such  a  way  that  they  could  not  furnish  a 

^very  satisfactory  criterion  of  penetration.    Acids  which  affect 

^e  indicators  in  this  manner  probably  enter  the  cell  slowly  as 

a  rule  and  may  cooperate  with  other  factors  to  decompose  (or 

isomerize)  the  indicator. 

The  relative  penetration  of  alkalies  shown  in  Tables  I  and  III 
agrees  with  the  results  of  Harvey. 

It  is  evident  that  as  the  hydrogen  ion  is  the  agent  which  causes 
the  change  of  color  in  the  cell  (and  doubtless  is  primarily  respon- 
sible for  the  effect  of  acids  on  metabolism),  we  should  test  the 
penetration  of  the  hydrogen  ion  in  solutions  which  have  the  same 
hydrogen  ion  concentration.    This,  as  far  as  the  writer  is  aware, 
has  never  been  done.    Accordingly,  a  series  of  acids  having  a 
hydrogen  ion  concentration  of  0.01  n  and  of  alkalies  having  a 
hydroxy]  ion  concentration  of  0.01  n,  was  prepared  by  the  use 
of  the  gas  chain.    The  results  are  shown  in  Tables  IV,  V,  and  VI. 

TABLE  rvr. 
BrowaUia  Petals. 

0.01  N  hydrogen  ion  concentration  (gas  chain). 
Acetic. 
Formic. 
Lactic. 

Trichloroacetic. 
Sulfuric. 
Oxalic. 
Nitric.  I  Approximately 


Hydrochloric. 
Tartaric. 
Phosphoric. 
Citric. 


all  the  same. 
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TABLE  V. 
Hyacinth  Perianth, 

0.01  N  hydrogen  ion  concentration  0.01  n    hydroxy!    ion    concentration 
(gas  chain).  (gas  chain). 

Acetic.  Ammonium  hydroxide. 

Formic.  Sodium  " 

Lactic. 
Oxalic. 


Tartaric. 

Phosphoric. 

Hydrochloric. 

Citric. 

Sulfuric. 

Nitric. 

Trichloroacetic, 


Approximately 
all  the  same. 


When  we  compare  the  results  obtained  by  making  0.01  n  solu- 
tions by  titration  (Tables  I,  II,  and  III)  with  the  results  obtained 
by  making  solutions  of  0.01  N  hydrogen  ion  concentration  by  the 
use  of  the  gas  chain  (Tables  IV  and  V),  we  see  striking  differences. 
The  most  interesting  is  the  fact  that  acetic  jumps  from  the  bot- 
tom to  the  top  of  the  list;  a  similar  change  is  seen  in  the  position 
of  lactic  acid  while  a  much  smaller  change  occurs  in  the  position 
of  formic  acid. 

This  is  exactly  what  would  be  expected  if  the  change  in  the 
color  of  the  cell  depends  primarily  on  the  penetration  of  the 
hydrogen  ion.  For  when  the  solutions  are  made  up,  as  in  Tables 
IV  and  V,  the  hydrogen  ion  concentration  of  acetic  acid  is  in- 
creased (as  compared  with  the  solutions  in  Tables  I  and  II)  more 
than  the  hydrogen  ion  concentration  of  lactic  or  formic,  and  con- 
sequently it  ought  to  change  its  position  on  the  list  more  than 
either  lactic  or  formic. 

Formic  acid  (ionization  constant  0.0214)  dissociates  more  than 
lactic  acid  (ionization  constant  0.0138)  and  the  latter  more  than 
acetic  acid  (ionization  constant  0.00187),  so  that  in  a  0.01  x 
solution  of  formic  acid  (made  by  titration)  there  is  a  much  higher 
concentration  of  hydrogen  ions  than  in  0.01  N  lactic  acid  and 
0.01  N  lactic  acid  has  a  greater  hydrogen  ion  concentration  than 
0.01  N  acetic  acid.  Hence  we  should  expect  0.01  N  formic  to  show 
greater  penetrating  power  than  0.01  n  lactic,  and  0.01  x  lactic 
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gr^^kier  than  0.01  n  acetic,  when  the  solutions  are  made  up  by 
titi^^iion  as  in  Tables  I,  II,  and  III. 

IX  the  concentration  of  the  hydrogen  ion  were  the  only  factor 

^o^v^crning  penetration,  we  should  expect  all  the  acids  in  Tables 

and  V  to  penetrate  at  the  same  rate.    As  a  matter  of  fact, 

penetrates  more  rapidly  than  formic  and  the  latter  more 

idly  than  lactic  while  the  rest  go  in  more  slowly  than  lactic: 

reason   for    these    differences    must    be   left   to   further 

^stigation. 

imilar  considerations  apply  to  the  penetration  of  alkalies. 

he  hydroxyl  ion  concenti'ation  were  the  only  factor  governing 

penetration  of  alkalies,  we  should  expect  both  the  alkalied 

Table  V  to  penetrate  at  the  same  rate,  but  we  find  that  ammon- 

hydroxide  penetrates  more  rapidly  than  sodium  hydroxide. 

-An  apparent  basis  for  comparing  the  rate  of  penetration  of 

-  h>^cirogen  and  hydroxyl  ions  is  afforded  by  Table  VI.    The 

^^^^^►terial  (root  of  red  radish)  shows  a  change  whether  placed  in 

*^^<is  or  in  alkalies,  and  hence  we  may  roughly  compare  the 

P^'^etration  of  the  two.    This,  however,  is  of  doubtful  signifi- 

^*ice  because  we  are  imable  to  say  whether  the  changes  in  color 

P'^^^Kiuced  by  the  acid  and  alkali  correspond  to  equal  changes  in 

"^^drogen  ion  concentration. 

TABLE  VI. 
Root  of  Red  Radish. 

^^^v^oentrations  expressed  as   normal   concentrations   of   hydrogen   or 

hydroxyl  ion  (gas  chain). 

Series  A.  n. 

Acetic 0.0022 

Hydrochloric 0.003 

Sodium  hydroxide 0.002 

Series  B. 

-Acetic 0.0012 

Hydrochloric 0.0013 

Sodium  hydroxide 0.001 

Series  C 

Acetic 0  00045 

Hydrochloric 0.00047 

Sodium  hydroxide 0.0008 
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SUMMARY. 

1.  Plant  tissues  containing  natural  indicators  are  admirably 
adapted  for  stud3ring  the  penetration  of  acids  and  alkalies. 

2.  The  relative  rate  of  penetration  of  the  hydrogen  ion  in 
0.01  N  solutions  (made  by  titration)  of  acids  and  alkalies  is  practi- 
cally the  same  in  the  plants  studied  as  that  found  by  Harvey  and 
Crozier  for  animals. 

3.  Very  different  results  are  obtained  when  the  solutions  are 
made  up  with  a  hydrogen  ion  concentration  of  0.01  n  (by  the  use 
of  the  gas  chain).  We  then  find,  for  example,  that  acetic  acid 
is  at  the  top  instead  of  at  the  bottom  of  the  series  (some  other 
acids  also  change  their  position).  This  may  be  explained  in 
part  by  the  dissociation  of  the  acids  concerned. 


THE  ACmiTT  OF  PLANT  CELLS  AS  SHOWN  BY 

NATURAL  INDICATORS. 

Bt  a.  R.  HAAS. 
rom  the  Laboratory  of  Plant  Physiology,  Harvard  University,  Cambridge.) 

(Received  for  publication,  August  14,  1916.) 

The  importance  of  ascertaining  the  actual  reaction  of  proto- 

l>lasm  has  become  more  and  more  evident  with  the  progress  of 

investigation.    In  view  of  this,  the  writer  has  endeavored  to 

iscover  to  what  extent  natural  indicators,  foimd  in  living  cells, 

be  utilized  to  determine  their  reaction. 

The  value  of  this  method  is  due  to  the  fact  that  indicators 

aiiow  the  actual  rather  than  the  total  acidity,  and-it  is  the  actual 

acidity  which  is  of  chief  importance  for  hfe  processes.    The  writer 

lias  foimd'  that  in  plant  cells  there  is  no  constant  relation  between 

^he  two. 

The  total  acidity  includes  both  the  imdissociated  and  the 

dissociated  hydrogen  ions,  while  the  actual  acidity  depends  only 

on  the  latter  and  is  conveniently  designated  by  the  Ph"*"  numbers 

of  Sorensen,  which  are  the  negative  common  logarithms  of  the 

numbers  expressing  hydrogen  ion  concentration.    Thus  if  the 

hydrogen  ion  concentration  is  1  X  10""' •'  n,  the  Ph"*"  number  is  .7.5. 

Before  describing  the  results  it  may  be  of  interest  to  mention 

briefly  some  previous  contributions  to  the  subject. 

It  is  stated  by  PfeffeH  that  the  red  color  of  rose  petals,  beet  roots,  etc., 
indicates  acidity,  while  the  blue  coloration  of  the  bluebell  and  hyacinth 
b  taken  as  an  indication  that  these  cells  are  neutral  or  slightly  alkaline. 
He  also  states  that  treatment  of  the  cells  with  acid  or  alkali  may  change 
the  reaction  without  at  once  killing  the  cells  and  that  upon  thorough 
washing,  the  color  of  the  normal  reaction  returns.  Flowers  of  Pidmonaria 
have  been  observed  to  change  from  red  to  blue  as  they  grow  older,  indicat- 

*  Haas,  A.  R.,  Bot.  Gaz.  (in  press). 

*  Pfeflfer,  W.,  Osmotische  Untcrsuchungen,  1877,  140;  Untersuch,  Bot 
Inst.  TUtngen,  1886,  ii,  293. 
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ing  a  change  in  the  reaction.  Kraemer'  has  succeeded  in  modifying  the 
color  of  flowers  by  adding  reagents  to  various  kinds  of  soil.  (When  cut 
flowers  and  plants  were  supplied  with  dyes  or  color  substances,  only  a 
few  were  carried  as  high  as  the  flower,  indicating  that  only  certain  sub- 
stances could  be  taken  up  by  the  plant  and  exert  an  influence  on  the  color- 
ing matter  in  the  flower.)  Blue  chicory  flowers  have  been  observed  by 
Kastle  and  Haden^  to  change  from  blue  to  white  and  finally  to  brown, 
with  practically  complete  destruction  of  the  flower  pigment,  due  in  part 
to  variations  in  acidity  and  in  part  to  the  oxidase  action  which  completely 
oxidizes  and  destroys  the  flower  pigment.  The  red,  blue,  and  colorless 
solutions  of  the  blue  chicory  flower  pigment  were  found  to  be  acid  to  phenol- 
phthalein  and  even  the  yellowish  green  solutions  did  not  always  give  an 
alkaline  reaction  with  phenolphthalein.  The  color  change  of  phenol- 
phthalein  is,  according  to  Snrensen's  table,  colorless  to  red,  Ph  "^  8.3  to 
Ph  "^  10.0,  which  indicates  that  a  solution  may  still  be  colorless  to  phenol- 
phthalein and  be  alkaline. 

The  experiments  of  the  writer  were  carried  on  with  a  variety 
of  anthocyan  pigments,*  especially  those  of  petals.  Buffer  solu- 
tions from'  Ph"*"  1  to  Ph"*"  13  were  made  up  by  means  of  the  gas 
chain,  so  that  the  hydrogen  ion  concentration  of  each  solution 
was  accurately  known.  Aqueous  or  alcoholic  extracts  of  the 
pigments  were  made  by  rapidly  macerating  the  petals  in  a  mor- 
tar with  the  solvent.  The  activity  of  enzymes  in.  destroying 
the  pigments  required  that  in  many  cases  the  buflfers  be  handled 
rapidly.  The  extracts  were  made  as  concentrated  as  possible 
and  to  each  buffer  solution  the  same  number  of  drops  of  the  ex- 
tract of  pigment  was  added.  The  resulting  colors  are  given 
in  the  following  tables.  Rapid  decolorization  of  the  pigment  is 
indicated  by  a  vertical  line.  Petals  are  used  unless  otherwise 
stated. 

•Kraemer,  H.,  Science,  1906,  xxiii,  699;  1909,  xxix,  828. 

*  Kastle,  J.  H.,  and  Haden,  R.  L.,  Am.  Chem,  /.,  1911,  xlvi,  315. 

•  It  is  chiefly  to  Willstatter  and  his  students  that  we  owe  our  knowledge 
of  the  nature  of  anthocyan.  Willstatter,  R.,  Ber,  chem,  Ges.,  1915,  xlvii, 
2831;  Ann,  Chem,,  1914,  cdviii,  1;  Sitzungsber,  Akad,  Wiss,  Berlin,  1914, 
xii,  402;  Ann,  Chem.,  1913,  cdi,  189.  See  also  Crocker,  W.,  Bot,  Oaz,, 
1916,  Ixi,  349,  and  Wheldale,  M., /.  Genetics,  1914.  iv,  113;  1910-11,  i,  134; 
Proc,  Roy.  Soc,  Series  B.,  1909,  Ixxxi,  44;  Proc.  Cambridge  Phil.  Soc., 
1909,  XV. 
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The  colors  were  observed  under  a  light  of  constant  and  excel- 

fent  quality  from  a  recently  described  lamp.*    It  was  not  con- 

^'dered  desirable  to  attempt  a  more  accurate  description  of  the 

colors  because  of  the  considerable  degree  of  variation  dependent 

upon  the  strength  of  the  indicator.     In  radish  the  indicator  was 

very  dilute  so  that  shades  of  red  varied  to  shades  of  pink.    Some 

petals,  such  as  those  of  pansy  and  violet,  contain  very  large 

^Tnoimts  of  anthoc>'an  in  comparison  with  others  (such  as  light 

blue  hyacinth,  Browallia  speciosaf  etc.)  and  in  extracts  of  the 

former  the  colors  observed  with  buffer  solutions  more  nearly 

ixiateh  the  normal  color  of  the  cells  from  which  the  indicator 

extracted,  as  regards  the  intensity  of  the  color.    The  num- 

T  of  drops  of  indicator  and  the  number  of  cc.  of  buffer  solution 

vi^ed  were  always  such  that  the  results  for  a  single  indicator  are 

<x>niparable  at  the  various  concentrations  of  hydro^n  ion. 

When  crude  extracts  of  the  pigment  are  used,  the  indicator 

often  decolorizes  so  quickly  that  it  is  necessary  to  filter  as  rapidly 

i^-s  possible  (or  the  filtration  may  be  omitted  entirely  if  necessary). 

VVhen  extracts  were  somewhat  purified  the  indicator  remained 

»^ore  stable,  even  for  long  periods,  which  may  indicate  that  in 

orrude  extracts  the  decolorization  may  be  due  (in  part  at  least) 

'^o  the  action  of  enzjTnes.    Some  indicators  when  added  to  buffer 

^solutions  of  hydrogen  ion  concentrations  in  the  region  of  Ph"*"  4 

t:o  Ph"*"  6  rapidly  decolorize,   but   upon    the  addition  of   very 

strong  acid  in  sufficient  quantity,  the  color  characteristic  of  the 

indicator  for  acid  solutions  of  Ph"^  2  or  3  reappears.     This  may 

indicate  that  the  colorless  condition  of  the  indicator  may  be  due 

t»  an  isomerization  of  the  indicator  or  the  formation  of  a  leuko 

base. 

The  results  showed  ver>'  little  difference  whether  crude  alcoholic 
or  aqueous  extracts  of  the  indicator  were  used.  It  seemed  very 
surprising  that  cranberry  juice  indicator  at  Pg"^  11  should  give  a 
pink  color,  but  a  redetermination  of  the  buffer  solution  on  the 
gas  chain  showed  the  previous  determination  to  be  accurate, 
and  when  the  indicator  was  dried  on  paper  it  was  shown  that  a 
drop  of  buffer  solution  of  a  strength  of  Pe"*"  11  gave  a  pink  color. 
Red  beet  juice  may  be  bluish  red  when  slightly  alkaline.     Hence 

'Luckiesh.  M.,  Science,  1915,  zlii,  764. 
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the  pigments  of  some  plant  cells  (when  the  indicator  is  used 
in  vitro)  may  assume  a  more  or  less  reddish  color  when  alkaline. 

It  is  evident  from  a  consideration  of  the  results  that  the  re- 
action of  the  cells  studied  ranges  from  about  Pe"*"  3  to  about  Pe"*"  8. 

In  a  nimiber  of  cases  the  color  of  the  flower  changes  as  the 
flower  fades,  thus  indicating  a  change  in  reaction  which  accom- 
panies the  death  of  the  cells.  When  BrowaUia  petals  are  just 
expanded  they  are  blue,  but  when  past  their  maturity  they  may 
become  somewhat  blue-green  in  certain  parts.  Primula  obconica 
at  first  has  pink  petals  but  later  the  color  changes  to  a  blue  and 
then  may  become  white.  In  comparison  with  Primvla  obconica 
it  is  well  to  consider  Primula  chinensis.  The  petals  of.  Primula 
chinensis  are  normally  red  but  later  become  blue,  which  color 
is  permanent.  This  blue  color  results  similarly  when  the  petals 
are  removed  while  red  and  are  placed  in  a  desiccator. 

These  two  Primula  flowers,  by  the  change  of  color  in  the  petal 
cells,  show  a  decrease  in  acidity  when  the  cells  become  old  or 
die.  The  data  further  indicate  that  the  cells  of  Primula  chinensis 
are  still  very  slightly  acid  when  the  cells  die.  Such  small  amoimts 
of  acid  cannot  be  detected  by  ordinary  titration  methods.  If  we 
call  the  buffer  solutions  acid  up  to  Pe"*"  7,  neutral  when  at  P^^  7, 
and  alkaline  when  higher  than  P^"^  7,  it  is  evident  from  the  ex- 
periments that  it  is  imsafe  to  call  cell  sap  acid  when  red,  neutral 
or  alkaUne  when  blue,  and  markedly  alkaline  when  green,  im- 
less  the  color  changes  of  the  particular  pigment  are  first  studied 
by  some  method  such  as  that  of  using  buffer  solutions  of  known 
hydrogen  ion  concentration.' 

Mann  considered  that  the  coloration  of  the  anthocyan  in  the 
seed  coat  of  cow-peas*  indicated  acid  when  rose  or  purple 
and  alkali  when  blue  or  black,  and  that  both  the  alkaline- 
and  the  acid-reacting  anthocyanine  may  occur  in  the  same  cell. 
The  writer  was  unable  to  find  in  microtome  and  hand  sections 
of  cow-peas  (of  different  colors),  fresh  from  immature  and  mature 
pods,  any  cases  where  the  same  cell  contained  both  red  and  blue 
pigments  before  drying.  The  cells  were  moimted  both  dry  and 
in  water.  It  may  be  added  that  if  the  color  comes  out  in  water 
it  indicates  that  the  cells  are  dead. 

'  Crozier,  W.  J.,  /.  Biol.  Chcm.y  1916,  xxiv,  443. 
■  Mann.  A.,  /.  Agric.  Research,  1914,  ii,  39. 
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In  this  connection  the  writer  has  made  observations  on  several 
tropical  flowers   {Bromeliaceae)   which  have  a  blue  pigmented 
portion  merging  into  a  red  pigmented  part.     In  fresh  material 
no    cells  were  foimd  to  contain  both  red  and  blue  colors  unless 
tho   section  became  dried,  in  which  case  one  end  of  the  red  cell 
beoaxne  blue  and  the  blue  color  progressed  along  the  cell  until 
*U    o£  the  cell  was  blue.     Fresh  material  showed  cells  containing 
'■^cl    pigment  to  adjoin  cells  containing  blue  pigment.    The  fact 
^"^"fc    blue  cells  never  became  red  indicates  that  the  blue  pigment 
'^P^^^sents  a  decrease  in  the  acidity  of  the  cell  sap.    At  Ph"*"  8 
"^^  pigment  extracted  from  both  red  and  blue  parts  gave  a  bluish 
coloration  with  buffer  solutions,  while  at  Ph"*"  9  the  pig- 
extracts  gave  a  green  coloration  with  the  buffer  solutions. 
^^    i^  evident,  therefore,  that  the  blue  color  of  a  pigment  is  in- 
csient  as  a  criterion  of  the  reaction  of  the  cell  unless  the  pig- 
is  first  calibrated  by  solutions  of  known  hydrogen  ion  con- 
^^^^-tTation. 

SUMMARY. 

-  In  view  of  the  widely  accepted  idea  that  the  reaction  of 
^iiig  cells  must  be  neutral  or  nearly  so  in  order  that  life  may  go 

^^^     in  a  normal  manner,  it  is  of  interest  to  find  normal  cells  in 
-'^ich  the  reaction  of  the  cell  sap  is  decidedly  acid  (Ph"*"  3). 

-  The  prevailing  opinion  that  the  blue  color  of  living  cells 
«ys  indicates  an  alkaline  reaction  is  erroneous.    It  is  foimd 

indicate  a  decidedly  acid  (Ph"^  3)  to  neutral  reaction  (Ph"*"  7),  or 
^^^^^Oetimes  barely  alkaUne  (Ph"^  7  to  8). 

S.  A  considerable  change  of  reaction  may  occur  in  the  cell 
it  dies  (from  Pe"*-  3  to  Ph+  7). 


TBB  JOirKlfAI.Or  BIOLOUICALCnr.lft9TRT,  VOL.  XXVII.  VO.   I 


THE  mFLUENCE  OF  BILE  ON  AUTOLTSIS. 

By  ARTHUR  L.  TATUM. 

i^r€>9n  the  Laboratory  of  Physiology  of  the  Unipernty  of  PennsyhaniOy 

Philadelphia,) 

(Received  for  publication,  July  13,  1916.) 

^^hile  it  is  common  knowledge  that  bile  possesses  very  decided 
c  properties,  the  literature  on  this  subject  leaves  much  to  be 
^^sixed  in  regard  to  the  nature  and  mode  of  action  of  the  active 
^^^^Xistituents.  The  substances  which  have  been  accredited  as 
^^^rjionsible  for  the  toxicity  are  accordingly  (1)  the  bile  salts, 
^^^^^iiimi  glycocholate  and  sodium  taurocholate;  (2)  cholesterol; 
^^)  bile  pigments;  and  (4)  lecithin.  The  possibility  cannot  be 
^"^^Tlooked  that  the  various  groups  of  investigators,  though  ap- 
^^^•^^ently  reporting  conflicting  results,  are  yet  partially  correct, 
^^l>«nding  upon  the  criteria  used  for  their  interpretations:  It  is 
^^xit«  probable  that  the  dififerent  constituents  of  bile  may  act 
^X^on  the  various  body  structures  quite  differently,  and  thus  be 
^"^^^ponsible  for  the  diversity  of  opinion  as  to  which  is  and  which 
^^    xiot  the  toxic  constituent. 

Xt  has  long  been  known  that  bile  and  bile  salts  have  a  power- 

^'^   cytolytic  action  (Rywosch  (1) )   though  the  mechanism  of 

^^Us  action  does  not  appear,  to  my  knowledge,  to  have  been 

^^^early  defined.    It  is  with  such  a  problem  that  this  paper  is 

^^ncerned. 

Small  blocks  of  various  organs  were  taken  as  soon  as  possible 

^ter  killing  an  animal,  placed  in  the  freshly  withdrawn  bile, 

^en  allowed  to  stand  in  the  incubator  at  38°C.  from  2  to  4  hours. 

"The  bile  was  then  poured  off,  and  the  tissues  fixed  in  Zenker's 

solution.    Sections  were  prepared  in  paraffin  and  stained  with 

hematoxylin  and  eosin.    There  is  found  to  have  occurred  a 

very  marked  alteration  at  the  periphery  of  the  tissues,  while 

the  central  portions  are  unchanged.    In  the  peripheral  margins, 

*    the  nuclei  have  lost  their  capacity  for  staining  with  hematoxylin, 
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even  losing  all  evidence  of  their  former  position  or  form.  Th 
c\^oplasm  takes  the  eosin  stain,  but  most  peripherally  become 
pale  or  even  disappears  altogether,  leaving  merely  the  support 
ing  connective  tissues.  Within,  the  nuclei  are  pyknotie,  formin 
a  narrow  zone  of  dense  blackened  nuclei  just  without  the  centra 
normally  appearing,  unaffected  area. 

The  depth  of  the  changed  cortical  area  depends  upon  severs 
factors.  These  factors  appear  to  be  the  penetration  of  the  C3rtoly 
tic  agent,  the  character  of  the  tissue,  and  the  alteration  producei 
in  the  affected  zone.  In  regard  to  actual  depth  of  action,  it  ma^ 
be  stated  that  nuclei  in  several  specimens  of  series  running  for  ^ 
hours  had  completely  disappeared  throughout  in  tissues  0.3  t< 
0.4  cm.  in  diameter.  Consequently  I  lost  many  specimens  be 
cause  they  were  too  thin^  or  were  left  too  long  in  the  incubator 
before  I  was  fully  aware  of  the  rapidity  of  the  reaction. 

The  question  then  arose,  what  is  the  significance  of  this  market 
cell  change?  It  is  generally  stated  that  bile  or  its  salts  have  ii 
themselves  no  digestive  action,  except  perhaps  a  slight  actioi 
on  carbohydrates,  but  here  is  evidence  of  marked  alteration 
even  of  protein  material.  If  the  cytolytic  action  is  a  solven 
process,  it  should  act  upon  fibrin  and  other  pure  proteins,  whicl 
it  does  not  do.  The  reasonable  explanation  appeared  to  b 
that  the  autolytic  processes  of  protoplasm  are  markedly  acceler 
ated  by  bile  or  certain  of  its  constituents,  and  consequently  i 
was  found  that  no  alteration  could  be  demonstrated  in  the  tis 
sues,  if  previously  to  incubation  in  the  bile  they  were  killed  b^ 
immersion  for  a  minute  in  boiling  water.  This  condition  obvioush 
is  now  comparable  to  the  negative  results  obtained  on  precipi 
tated  proteins.  Here  the  conditions  necessary  for  autolyti* 
processes  are  destroyed  and  hence  the  bile  cannot  exert  its  cyto 
lytic  action.  Further  evidence  of  this  view  of  the  action  of  bili 
is  obtained  in  the  following  experiment. 

Tissues  were  immersed  in  bile,  and  placed,  respectively,  in  the  incubato 
at  38°C. ;  on  the  laboratory  table  at  2o°C. ;  and  in  the  ice  box,  at  0**C 
After  2i  hours  the  tissues  were  dropped  into  Zenker's  fluid  and  finall; 
sectioned.  On  examination  it  was  found  that  practically  no  action  hai 
occurred  in  the  cold  specimen,  considerable  in  that  at  25°C.,  and  mos 
in  that  kept  at  the  optimum  temperature  of  3S°C.  This  follows  the  iai 
of  enzyme  action  with  respect  to  the  influence  of  temperature.  Furthei 
evidence  of  autolysis  is  the  fact  that  those  tissues  most  rapidly  autolysini 
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fx:»et  mortem  are  those  that  are  most  affected  by  bile  salts,  namely,  in 
o*"''cier,  adrenal,  spleen,  liver,  thyroid,  heart  muscle,  smooth  muscle,  volun- 
muscle,  and  lastly,  connective  tissue,  which  is  not  affected. 


Each  block  of  tissue  presents  its  own  control,  since  the  interior 
unaltered,   though  under  the  same   temperature   influence, 
owever,  separate  controls  were  studied  in  Ringer  solution,  in 
c^i=^oroform-Ringer,  and  in  serum.     In  none  of  these  instances 
<i  there  occur  the  sUghtest  evidence  of  autolysis  during  the  time 
incubation,  2  to  4  hours.     In  serum  and  alkaline  Ringer  solu- 
Ds  no  autolysis  could  be  expected,  since  serum  (5)  is  known 
be  protective  against  autoly^  and  against  hemoly^  of  eryth- 
and  alkaUes  (6)  are  also  known  to  inhibit  autolysis. 
^M^rding  to  some  investigators  chloroform-Ringer  (7)  should 
ve  given  positive  evidence  of  autolysis,  but  these  authors 
owed  a  longer  duration  of  autolysis  than  that  used  in  my  bile 
^^^periments.    Hence,  while  chloroform  may  be  a  real  accelera- 
r  of  autolysis,  it  is  extremely  weak  compared  to  bile  or  bile 
ts.    The  same  is  true  for  acid  solutions  (8)  which  have  been 
•und  to  accelerate  autolj'sis,  but  they  are  also  extremely  weak 
^^^^"^Dmpared  to  bile  action.    As  an  illustration  of  this,  on  compari- 
n  of  the  effect  of  5  per  cent  bile  in  Ringer  solution  on  a  specimen 
f  fresh  thyroid  gland  it  was  found  to  be  very  much  greater  than 
lie  effect  of  0.05  n  or  0.025  n  HCl  on  another  specimen  of  thyroid 
It  wiU  be  recalled  that  the  optimum  concentration  of  acid 
or  autolysis  (Bradley  (8)   )  is  near  0.05  n  acid.     I  have  repeat- 
^^dly  found  that  diluted  bile  is  considerably  less  active  than  whole 
^rile.     While  I  cannot  say,  from  the  criterion  employed,  that  5 
"J^r  cent  bile  is  one-twentieth  as  active  as  whole  bile,  yet  the 
^effect  of  the  optimum  concentration  of  acid  is  very  much  below 
"this  5  per  cent  bile;  consequently  the  differences  in  activity  are 
:in  all  probabihty  greater  than  the  rough  estimate  I  have  given. 
EInd-points  are  not  readily  determinable  by  this  technique, 
consequently  only  alterations  in  coagulable  proteins  that  are 
subject   to   morphological   differentiation   as   occurring   in   cell 
structures  are  used  as  criteria  of  rate  and  d^ree  of  autol^'sis. 

In  order  to  ascertain,  if  possible,  the  relative  importance  of 
the  constituents  of  bile,  some  anal>i;ic  experiments  were  carried 
out.  Gall  bladder  bile  is  known  to  vary  considerably  in  its 
quantitative  relations,   consequenth'  it  was  deemed  advisable 
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to  determine  the  amount  of  bile  salts  in  a  particular  sample  of 
bile  and  then  make  up  solutions  of  commercial  bile  salts  to  the 
corresponding  concentration. 

Sheep  bile  was  obtained  fresh  from  a  near-by  abattoir.  A  portion  was 
placed  in  the  ice  box  till  analysis  and  special  treatment  of  the  other  por- 
tions were  completed.  On  analysis,  according  to  the  method  given  by 
Hoppe-Seyler  (9),  this  specimen  of  bile  was  found  to  contain  10.44  per  cent 
of  bile  salts.  •  This  figure  was  used  as  a  basis  of  subsequent  preparations 
in  this  experiment. 

To  a  third  portion  an  equal  volume  of  animal  charcoal  was  added 
and  it  was  then  evaporated  to  near  dryness  over  the  water  bath.  This 
was  extracted  repeatedly  with  alcohol  and  each  extraction  filtered.  The 
pale  yellow  extract  was  then  evaporated  to  dryness  over  the  water  bath, 
when  the  residue  was  taken  up  by  distilled  water.  By  this  means,  most 
of  the  pigment  and  all  of  the  mucin  were  removed. 

For  autolytic  tests,  all  solutions,  unaltered  bile,  decolorized 
mucin-free  bile,  and  solutions  of  sodium  glycocholate  and  of 
sodiimi  taurocholate  were  made  up  to  40  per  cent  of  the  original 
concentration  as  determined.  Thus  whole  bile  was  made  up 
to  40  per  cent,  as  was  the  decolorized  mucin-free  bile.  Sodium 
glycocholate'  was  made  up  to  40  per  cent  of  the  original  salt 
concentration  of  bile,  which  made  a  4. 18  per  cent  solution.  The 
sodium  taurocholate^  was  marked  "47.5  per  cent,"  consequently 
sufficient  salt  was  weighed  out  to  make  a  4.18  per  cent  solution. 
Thus  I  was  able  to  compare  the  action  of  equally  concentrated 
solutions  of  bile,  of  decolorized  mucin-free  bile,  sodium  glycochol- 
ate, and  sodiiun  taurocholate. 

Approximately  equal  sized  portions  of  absolutely  fresh  rabbit 
liver  were  placed  in  each  of  the  four  solutions  and  incubated 
at  38°C.  for  2  hours.  The  tissues  were  then  killed  by  Zenker's 
fixative. 

The  least  penetration,  as  measured  by  the  position  of  the  zone 
of  pyknotic  nuclei,  occurred  in  the  specimen  in  sodium  glycocholate, 
though  the  cytoplasm  of  the  marginal  cells  had  undergone  con- 
siderable solution.  Sodium  taurocholate  penetrated  to  a  greater 
depth,  equal  to  that  of  bile  solutions,  but  no  solution  of  cyto- 
plasm appears  to  have  occurred.  The  decolorized  mucin-free 
bile  was  practically  similar  in  action  to  the  solution  of  sodium 

'  Merck  and  Co, 
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-^^uirocholate,  while  the  greatest  amount  of  solution  of  cytoplaam 
<:>cciuTed  in  the  specimen  immersed  in  imaltered  bile. 

In  this  experiment  it  is  found  that  whole  bile  has  a  total  ao- 

"fc-ivity  greater  than  that  produced  by  corresponding  conoentra- 

^C^ions  of  the  bile  salts^  taken  separately.    It  is  also  greater  than 

'fcliat  of  bile  treated  with  animal  charcoal  and   alcohol.    The 

character  of  the  active  constituents  lost  by  this  process  I  have 

lot  determined.    The  statement  can  be  made,  however,  that 

rhole  bile  contains  a  mixture  of  active  constituents  whose  total 

^Etctivity  is  not  equaled  by  bile  treated  with  animal  charcoal  and 

.^^cohol,  nor  by  corresponding  concentrations  of  separate  solutions 

^^>f  either  of  the  bile  salts.    Further,  the  two  bile  salts  appear  to 

^l)ehave  somewhat  differently,  the  sodimn  glycocholate  having 

^the  greater  solvent  effect  on  c3rtopIasm.    This  may  be  taken  to 

:indicate  a  degree  of  specificity  of  particular  accelerators  for  auto- 

lytic  processes. 

No  precautions  were  taken  to  prevent  bacterial  action.  The 
reaction  is  much  too  rapid  to  be  ascribed  to  bacterial  decompo- 
sition since  in  control  experiments  without  bile  no  comparable 
changes  are  produced.  Sellards  (5)  found  necrosis  to  occur  in 
the  salivary  glands  in  the  living  animal  when  injected  asepticaDy 
with  bile  or  bile  salts;  and  furthermore,  the  results  of  the  experi- 
ments of  Bimting  and  Brown  (11)  on  necrosis  following  intra- 
peritoneal injections  of  bile  are  not  likely  to  be  explained  by 
bacterial  contamination.  Boiling  the  bile  previous  to  its  applica- 
tion to  tissues  does  not  diminish  its  activity,  while  no  evidence 
of  activity  is  found  when  boiled  tissue  is  treated  with  unboiled 
bile. 

The  conclusions  drawn  from  the  work  here  presented  are  the 
following. 

1.  Bile  is  a  powerful  cytolytic  agent. 

2.  This  cytolysis  is  produced  by  virtue  of  the  co-enzyme  or 
Activating  action  of  the  constituents  of  bile  on  the  autolytic 
enzymes  or  processes. 

'  According  to  Long  and  Johnson  (10)  the  various  commercial  prepara- 
tions of  bile  salts  are  subject  to  rather  wide  variations  in  actual  concen- 
tration of  the  pure  bile  salts;  consequently  the  comparisons  will  necessarily 
be  held  in  some  reserve. 
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3.  Whole  bile  is  more  powerful  though  less  penetrating  than 
corresponding  concentrations  of  either  of  the  bile  salts. 

4.  Bile  boiled  down  with  animal  charcoal  and  treated  with 
alcohol  has  lost  a  portion  of  its  activity. 

5.  The  maximum  effects  of  bile  or  bile  salts  are  many  times 
greater  than  the  eflfects  of  the  optimum  concentration  of  acids. 

6.  Sodium  glycocholate  appears  to  affect  cytoplasmic  material 
more  than  does  sodium  taurocholate,  though  both  affect  nuclear 
material  about  equally. 

7.  These  facts,  correspondingly,  have  to  be  considered  in  any 
study  of  the  toxicity  of  bile,  and  may  center  attention  on  alter- 
ations in  cellular  metabolism  produced  in  such  intoxications,  and 
furthermore,  this  agent  may  be  of  service  in  the  study  of  the 
fundamental  factors  of  autolysis. 
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THE  RATE  OF  UREA  EXCRETION. 

II.  THE  RATE  OF  EXCRETION  OF  ADMINISTERED  UREA  IN 
YOUNG  HEALTHY  ADULTS  ON  A  CONSTANT  DIET. 
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(Received  for  publication,  August  2, 1916.) 

This  study  of  the  rate  of  excretion  of  urea  administered  to 
3roung  healthy  adults  who  were  on  a  constant  diet  was  carried 
through  in  order  to  obtain  detailed  information  as  to  the  range 
^)f  variation  in  the  function  of  the  normal  kidney  under  uniform 
conditions.    The  work  of  Schlayer  and  others  on  water  and 
chloride  excretion  by  the  kidneys  has  been  interpreted  as  indi- 
cative of  a  wide  variability  in  kidney  action  even  under  the  same 
<x)nditions.    This  variation  is  assumed  to  arise  from  the  incon- 
stancy of  what  is  termed  the  Reizzustand  of  the  organ.     On  the 
other  hand,  Ambard  believes  that  the  kidne}"  manifests  no  in- 
trinsic variability  in  function.     He  maintains  that  if  the  con- 
centration in  the  blood  and  in  the  urine  of  the  substance  excreted 
is  known,  the  action  of  the  normal  kidney  may  always  be  pre- 
dicted with  mathematical  accuracy. 

We  have  found  in  the  literature  only  two  single  experiments  in  which 
the  rate  of  urea  excretion  after  urea  administration  has  been  determined 
in  man  by  dependable  methods.  Wolf^  and  Cathcart  and  Green*  state 
t\xBt  urea  taken  by  mouth  is  quantitatively  excreted  within  24  to  48  hours, 
^iid  Wolf  showed  that  the  rate  of  excretion  was  greatest  in  the  first  few 
Hours  after  the  ingestion  of  the  urea. 

Ach&rd  and  Paisseau,*  McCaskey/  and  Pirondini'  showed  that  results 
^vhich  were  of  value  in  the  detection  of  functional  abnormalities  in  renal 

»  Wolf,  C.  G.  L.,  Biochcm.  Z.,  1912,  xl,  234. 

*  Cathcart,  E.  P.,  and  Green,  H.  H.,  Biochcm.  /.,  1913,  vii,  1. 
*Achard,  C,  and  Paisseau,  G.,  Compt.  rend.  Soc.  bioL,  1904,  Ivi,  894. 
*McCaskey,  G.  W.,  Med.  Rec,  1914,  Ixxxv,  507. 

*  Pirondini,  E.,  Policlinico  Sez.  Chir.,  1915.  xxii,  2.59,  326,  39S. 
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disease  may  be  obtained  even  when  the  unreliable  hypobromite  method  of 
urea  estimation  is  used. 

The  general  plan  we  adopted  was  to  measure  the  rate  of  excre- 
tion during  a  fore-period  of  3  days,  and  during  a  period  of  3 
successive  days  on  which  20  or  40  gm.  of  urea  were  administered. 
The  urine  was  collected  every  4  hours  during  the,  day,  and  a  12 
hour  collection  wa^  made  at  jnight. 

'The  subjects  of  these  experiments  were  instructors,  internes, 
and  students.  The  ages  were  between  20  and  35  years.  All 
were  in  apparent  health. 

Methods  of  Urea  Estimation, 

We  had  already  planned  and  commenced  this  work,  using  Folin  and  Far- 
mer's microchemical  methods  of  nitrogen  determination  in  the  blood  and 
urine,  before  Marshall's  description^  of  the  urease  method  appeared.  But 
after  we  had  confirmed  the  accuracy  of  his  method  we  used  it  exclusively, 
both  for  urine  and  blood  analyses.  It  is  unnecessary  to  give  any  of  our 
figures  in  substantiation  of  the  soundness  of  the  principle  of  the  method, 
since  this  has  already  been  amply  established.  But  we  had  to  discard 
our  earliest  results  until  we  had  adopted  the  two  following  modifications 
in  working  with  urine: 

1.  At  first  we  used  10  per  cent  thymol  in  chloroform  as  a  preservative 
for  the  urine.  We  noted  occasionally  that  the  amount  of  urea  found  was 
less  than  the  expected  quantity,  in  spite  of  the  fact  that  duplicate  estima- 
tions checked  perfectly.  These  were  always  cases  in  which  the  urine  was 
alkaline  in  reaction.  Part  of  the  urea  had  already  been  converted  into 
ammonium  carbonate.  In  any  neutral  or  alkaline  urine  this  change  takes 
place  with  great  rapidity,  at  least  in  any  laboratory  where  urine  is  a  ma- 
terial which  is  commonly  worked  with.  It  is  due  to  the  action  of  urease- 
containing  organisms.  The  usual  urinary  preservatives,  such  as  thymol, 
chloroform,  and  toluene,  all  of  which  we  tried,  are  not  always  able  to 
prevent  their  action.  Acting  on  Armstrong  and  Horton's^  finding,  that  the 
f  action  of  urease  is  absolutely  inhibited  by  any  concentration  of  H  ions 

i  much  above  that  found  at  the  neutral  point  for  litmus,  we  thereafter  had 

the  urine  passed  directly  into  vessels  containing  20  cc.  of  N  HtSO«  for  ea^h 
4  hour  collectiori."'"T5Xcept  in  the  case" of  patients  with  an  infection  of 
the  urinary  passages,  in  which  some  urease-producing  organism  is  present 
which  decomposes  the  urine  before  it  leaves  the  bladder,  we  have  never 
since  then  had  any  trouble  from  this  cause. 


.« 


•Marshall,  E.  K.,  Jr.,  /.  Biol.  Chem.,  1913,  xiv,  283. 

»  Armstrong,  H.  E.,  and  Horton,  E.,  Proc.  Roy.  iSoc,  1912,  Ixxxv,  109. 
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2.  Another  very  necessary  modification  is  the  neutralization  of  the 
'vjrine  before  adding  the  urease  extract.    Some  urines'are  suflTcte&ny'acid 
^^"H^troy  such  a  consldenible  parttST  the  ferment  before  it  can  commence 
^o  form  ammonium  carbonate  that  the  urea  present  is  not  completely 
converted.    We  discovered  this  early  in  our  work,  since  we  had  adopted 
^e  plan  of  running  duplicate  estimations  to  one  of  which  a  known  amount 
of  urea  was  added.    An  incomplete  recovery  of  this  urea,  when  a  cor- 
Tesponding  quantity  of  urea  in  water  was  completely  accounted  for,  could 
not  be  due  to  anything  but  some  inhibitory  substance  in  the  urine.    This 
inhibition  only  occurred  with  acid  urines  and  was  completely  removed 
by  bringing  the  urine  to  the  neutral  point  for  rosolic  acid.    This  indi- 
cator was  chosen,  since  it  changes  color  just  about  the  point  of  absolute 
neutrality. 

All  ihe  estimations  reported  here  were  carried  out  after  the  adoption 
of  these  two  precautions — the  collection  of  the  urine  in  n  HtSOi,  and  its 
subsequent  neutralisation  to  the  neutral  point  for  rosolic  acid. 

The  details  of  the  technique  used  for  urine  were  as  follows:  The  speci- 
mens of  urine  were  measured  in  graduated  cylinders.  They  were  then 
poured  into  volumetric  flasks  and  diluted  to  the  mark  with  water,  so  that 
about  10  cc.  of  0.1  N  HCl  would  be  required  to  neutralize  the  ammonium 
carbonate  formed  from  5  cc.  of  urine.  This  is  accomplished  by  diluting 
the  4  hour  specimens  of  the  first  3  days  to  500  cc,  and  the  night  urine  to 
1,000  cc.  On  the  4th,  5th,  and  6th  days  when  urea  is  taken,  the  4  hour 
specimens  were  diluted  to  1,000  cc.  and  the  night  specimen  to  2,000  cc. 
Tliis  high  and  nearly  uniform  dilution  makes  the  end-points  much  easier 
t.o  recognize. 

5  cc.  of  urine  were  pipetted  from  each  specimen  into  each  of  three  flasks, 
^nd  about  100  cc.  of  distilled  water  and  two  drops  of  rosolic  acid  were  added 
^o  each.    All  were  brought  to  a  first  faint  red  color  by  adding  the  same 
amount  of  0.1  N  NaOH.    2  cc.  of  an  aqueous  extract  of  freshly  powdered  soy 
iDean  was  pipetted  into  two  of  the  flasks,  and  after  the  addition  of  a  few 
drops  of  toluene  and  a  known  quantity  of  urea  to  one,  they  were  corked 
And  left  until  the  following  day.    To  the  remaining  flask,  methyl  orange 
^was  added  and  it  was  titrated  at  once  with  0.1  n  HCl  until  the  first  tinge 
of  pink  developed  after  the  disappearance  of  the  red  color  due  to  the  rosolic 
«cid.    The  amount  of  0.1  n  HCl  required  was  noted,  and  to  it  was  added 
the  acid  required  to  bring  2  cc.  of  the  urease  extract  in  100  cc.  of  water 
to  the  same  color.    Next  morning,  using  the  same  indicator,  the  two  fer- 
mented flasks  were  titrated  to  the  neutral  point  with  0.1  n  HCl.    The  acid 
was  run  in  quickly  until  the  red  of  the  rosolic  acid  had  disappeared.  .  There- 
after it  was  added  slowly,  watching  for  the  appearance  of  a  cloudiness 
which  results  from  the  precipitation  of  some  substance  in  the  soy  bean 
extract.     This  occurs  just  before  the  end-point  is  reached  and  tends  to 
obscure  it  somewhat.    We  found  that  we  were  helped  in  deciding  as  to 
the  exact  end-point  if  we  observed  the  color  of  an  added  drop  of  methyl 
orange  before  it  diffused  through  the  fluid.    A  deep  reddish  brown  color 
is  given  if  suflicient  acid  has  already  been  added.    The  flasks  should  not 
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be  employed  for  any  other  purpose.  Even  slight  traces  of  silver  or  cop- 
per salts  interfere  markedly  with  the  action  of  the  ferment.  Solutions  of 
urea  of  known  concentration  prepared  from  urea  purified  by  repeated 
crystallization  were  estimated  each  day  to  check  the  activity  of  the  soy 
bean  extract. 

The  Diet. 

The  diet  was  constant  as  regards  nitrogen,  but  provision  was  made 
for  some  degree  of  elasticity  in  the  amount  oTcarbohydrato  taken.  Each 
meal  was  well  within  the  capacity  of  a  moderate  appetite.  After  it  was 
finished  a  nitrogen-free  cornstarch  paste  was  served.  When  taken  with 
a  spoonful  of  jam  and  the  small  amount  of  cream  which  was  provided, 
this  made  a  pleasant  dessert.  If  the  subject  were  not  hungry  he  could 
leave  it  out,  taking  only  the  cream,  and  if  he  happened  to  be  hungry  he 
could  take  it  all.  As  a  matter  of  fact  all  the  subjects  took  some  of  this 
cornstarch,  and  nearly  all  of  them  took  it  all,  so  that  the  variation  in 
water  intake  from  this  cause  was  not  great. 

The  meals  at  8  a.m.,  4  p.m.,  and  8  p.m.,  were  similar  and  consisted  of 
one  egg,  50  gm.  of  bread,  10  gm.  of  butter,  and  5  gm.  of  cocoa  mixed  with 
240  cc.  of  milk.  The  12,  noon,  meal  contained  150  cc.  of  Campbell's  tomato 
soup,  neutralized  with  NaHCOs,  and  heated  with  an  equal  quantity  of 
milk,  50  gm.  of  bread,  10  gm.  of  butter,  50  gm.  of  potatoes,  and  one  egg. 
180  cc.  of  water  were  taken  with  this  meal,  and  this  was  the  only  water 
allowed,  as  such.    A  little  NaCl  was  given  with  the  egg. 

The  total  water  content  of  the  diet  (including  the  180  cc.  of  water  and 
the  water  in  the  cornstarch)  was  about  1,710  cc.  The  protein  content 
was  75.9  gm.,  the  fat  120  gm.,  and  the  carbohydrate  220  gm.,  including  the 
cornstarch. 

We  are  much  indebted  to  Miss  Sloan,  the  dietitian  of  the  Stanford 
Medical  School,  for  the  care  she  took  in  weighing  and  preparing  this  food. 

The  Total  Urea  Excretion, 

In  Table  I,  the  averages  and  limits  of  variation  in  the  total 
urea  excretion  for  each  day  of  the  diet  are  given.  These  are 
compiled  from  the  results  obtained  in  thirty  individuals  who 
took  20  gm.  of  urea  on  the  4th,  5th,  and  6th  days  of  the  diet. 

The  effect  of  the  variable  quantities  of  nitrogenous  food  taken 
before  the  diet  was  begun  does  not  last  beyond  the  1st  day  of 
the  diet.  In  Table  I,  the  averages  for  the  2nd  and  3rd  days  are 
practically  identical.  In  cases  to  whom  no  urea  was  given,  the 
average  for  the  2nd  day  did  not  differ  appreciably  from  those 
of  the  subsequent  days.  Thus  in  six  subjects  on  the  diet,  who 
took  no  urea,  the  average  24  hour  urea  excretion  for  6  successive 
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TABLE  L 
Ar^age*  and  Limits  of  Variation  of  the  Total  £(  Hour  Urea. 

Fore-period. 


1st  <Uy 


2xkd  day. 


3rd  day. 


Uifheft.      Lovert.     Averaire.  '  Hichest. 


19.2 


10.7       15.45  !     19  5     •      9.4 

I  :  I 


Urea  period. 
20  gm.  of  urea  at  8  a.m.  each  day. 


Ith  d^y. 

5Ui  d4y.                                         6th  dmy. 

^*>«ipe. 

HxcbMt. 

LoOTSt. 

Averse.     Hichert.  !  Lorat.  i  Aren^e.  1  H«hnt. 

LcmtasL 

32  27 

355 

28  1 

34  37 

1 

40  7         30  0       34.53  i    40  5 

1                1 

295 

^lays  on  the  diet  amounted  to  16.8.  15.7,  15i9,  15.9,  14.9,  and 
lo.l  gm.  With  the  diet  we  used,  therefore,  an  equihbrium  is 
■Cached  on  an  average  within  24  hours. 

The  averages  during  the  urea  period  show  that  the  20  gm.  of 
^irea  administered  are  not  quite  completely  excreted.  There 
i$  a  retention  of  a  few  gm.  of  urea  which  can  be  accounted  for 
if  the  diet  is  continued  for  another  day  without  gi\"ing  urea. 
It  is  also  noteworthy  that  there  is  a  sUght  rise  in  the  average 
Excretion  on  each  day  during  the  urea  period. 

The  range  of  variation  amounts  to  about  10  gm.  a  day  and  is 
c|uite  as  large  in  the  fore-period  as  in  the  urea  period.  The  main 
o;ause  of  this  wide  variation  becomes  apparent  when  the  data 
^re  arranged  in  order  of  magnitude.  It  is  then  seen  that  the 
t^igher  values  are  derived  throughout  from  one  group  of  individ- 
uals, and  the  lower  from  another.  In  Table  II  all  the  urea 
excreted  while  the  diet  was  taken  with  the  exception  of  the 
^rea  of  the  first  day  is  given  for  each  indiWdual. 

The  range  of  variation  in  Table  II  is  due  to  some  subjects 
baving  on  ever>'  day  of  the  diet  a  higher  urea  excretion  than  others. 
This  explains  the  range  of  variation  in  Table  I.  for  there  the 
Iiigbest  urea  excretions  for  each  day  are  derived  almost  without 
exception  from  the  subjects  BO,  and  .\d.  who  excreted  more 
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TABLE  n. 

The  Total  Urea  Excreted  Excluding  the  Ut  Day. 
(Arranged  in  order  of  descending  magnitude.*) 


No. 

Subject. 

Urea. 

No. 

Subject. 

Urea. 

No. 

Subject. 

VntL 

gm. 

pvi. 

gm. 

1 

Boi 

148.5 

10 

G 

137.8 

19 

Ai, 

127.2 

2 

Ad 

142.9 

11 

Si 

137.2 

20 

Boyi 

126.4 

3 

C 

140.8 

12 

F 

136.1 

21 

Br, 

126.3 

4 

Bn 

140.2 

13 

Cr 

134.9 

22 

B 

125.6 

5 

Wa 

138.9 

14 

J 

133.4 

23 

Add 

124.5 

6 

Pf 

138.1 

15 

s. 

131.2 

24 

K, 

124.2 

7 

Ki 

138.0 

16 

Pi 

130.7 

25 

We 

123.8 

8 

D 

138.0 

17 

Je 

127.8 

26 

Ail 

121.2 

9 

Boyi 

137.9 

18 

K, 

127.6 

27 

M 

110.4 

*  The  totals  of  Bot,  O,  and  W  cannot  be  given,  since  one  collection  of 
urine  was  lost  in  each  of  these  cases. 

than  140  gm.  of  urea  in  5  days,  and  the  fewest  urea  excretions 
for  each  day  come  from  the  subject  M,  who  excreted  bnly  110  gm. 

These  constant  differences  in  the  level  of  urea  excretion  are 
certainly  not  to  be  ascribed  to  corresponding  differences  in  the 
capacity  of  the  kidneys  of  these  subjects  in  excreting  urea.  If 
that  were  the  case,  the  subject  M  would  have  had  a  high  concen- 
tration of  urea  in  his  blood  and  tissues  on  accoimt  of  very  marked 
urea  retention.  But  as  a  matter  of  fact,  the  blood  urea  concen- 
tration of  M  on  the  3rd  and  6th  days  of  the  test  was  only  0.0156 
and  0.0558  per  cent,  while  the  blood  of  BOi  on  these  days  had  a 
concentration  of  0.0261  and  0.0672  per  cent.  The  subject  M, 
who  excreted  the  lowest  amoimt  of  urea,  had  on  the*  3rd  day 
of  the  diet  the  lowest  blood  concentration  we  have  observed. 

The  cause  of  these  different  levels  in  urea  excretion  lies  in  the 
existence  of  different  levels  in  the  rate  of  protein  catabolism. 
Although  M  took  as  much  protein  as  BOi,  he  did  not  excrete  so 
much  urea,  because  in  his  case  presumably  the  amino-acids  were 
in  great  part  utilized  in  protein  synthesis.  In  the  case  of  BOi 
on  the  other  hand,  a  much  larger  proportion  was  deaminused, 
with  the  resulting  formation  of  larger  amounts  of  urea. 

The  variable  factor  introduced  by  the  existence  of  these  dif- 
ferent levels  of  protein  catabolism  in  different  individuals  must 
be  eliminated  if  we  wish  to  compare  the  work  of  their  kidneys 
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^  excreting  prefonned  urea.  This  will  be  accomplished  if  we 
^oo«pt  the  average  excretion  of  the  2nd  and  3rd  dajrs  of  the  fore- 
P^^riod  as  a  measure  of  the  level  of  protein  catabolism  for  each 
^vifcject,  and  subtract  this  value  from  his  urea  excretion  on  the 
^l^^rs  when  urea  was  given.  The  difference  gives  the  rate  of 
^^^oretion  of  the  preformed  urea  which  was  given  at  the  same 
^^*xie  and  in  the  same  manner  to  all.  For  convenience  we  have 
^^^»Tned  the  results  of  this  subtraction  ''administered  urea  excre- 
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Urea. 

In  Table  III  the  rate  of  excretion  of  administered  urea  thus 
Jculated  is  given  for  each  subject  for  each  day  of  the  urea 
r^^^riod  along  with  the  average  excretion  of  each  subject  for  that 
lole  period.  The  average  excretion  of  the  fore-period  is  also 
.ven.  Each  column  is  arranged  in  order  of  descending  magni- 
^Xade,  so  that  some  idea  of  the  degree  of  dispersion  may  be  ob- 
^^ined  at  a  glance. 

Before  the  significance  of  these  figures  in  Table  III  as  indica- 
ive  of  functional  variation  in  the  work  of  the  kidney  can  be 
appreciated,  it  is  necessary  to  obtain  some  conception  of  the 
'V^ariation  which  might  be  introduced  through  the  error  in  our 
^^ethod  of  calculating  the  amounts  which  we  have  termed  adminis- 
'ti^ered  urea  excretion.    For,   although  by  taking  the  average 
excretion  of  the  fore-period  as  representing  the  level  of  protein 
^satabolism  and  subtracting  it  from  the  total  excretion  after  urea 
^ulministration,  we  have  eliminated  an  inconstant  factor — ^the 
rate  of  protein  catabolism  in  different  individuals — 
cannot  thus  obtain  a  mathematically  accurate  representation 
of  the  rate  of  work  of  the  kidney  in  excreting  the  administered 
urea.     For  there  are  not  only  differences  in  the  rate  of  protein 
catabolism  in  different  individuals;  there  are  also  smaUer  though 
not  inconsiderable  fluctuations  from  day  to  day  in  the  same 
individual.    These  individual  variations  are  not  taken  account 
of  in  our  figures,  since  they  are  obtained  by  a  method  which  as- 
sumes that  the  amount  of  urea  obtained  on  the  2nd  and  3rd 
days  of  the  diet  remains  constant  in  each  individual  throughout 
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the  4th,  5th,  and  6th  days,  whereas  it  is  a  universal  experience 
that  even  under  the  most  constant  conditions  urea  excretior 
does  not  remain  absolutely  uniform  in  any  individual.  Folin^ 
for  instance  found  a  variation  of  5.6  to  8.1  gm.  of  urea  withii 
a  few  days  in  the  same  individual  on  his  starch-cream  diet. 

A  simple  inspection  of  the  arrangement  of  the  subjects  in  Tablf 
III  in  the  fore-period  as  compared  with  the  lu-ea  period  strongly 
suggests  that  we  have  failed  to  measiu^e  accurately  the  rate  o: 
protein  catabolism.  Those  subjects  who  have  the  highest  excre 
tion  in  the  fore-period  have  very  often  the  lowest  excretion  o 
administered  lu^ea,  and  vice  versa.  It  would  seem  that  we  hav< 
overestimated  the  rate  of  protein  catabolism  in  some  and  under 
estimated  in  others,  an  error  which  introduces  a  false  variability 
in  the  calculated  rates  of  excretion  of  administered  urea. 

It  is  probable  therefore  that  in  reality  the  rate  of  excretioi 
of  administered  urea  by  the  normal  kidney  has  a  greater  uni 
formity  than  that  recorded  by  our  figures,  since  they  are  influences 
not  only  by  the  possible  variability  of  kidney  action,  but  al8< 
by  the  known  variability  in  each  individual  from  day  to  day  o 
all  those  extra-renal  factors  which  are  conveniently  groupe« 
under  the  term  "protein  catabolism." 

In  order  to  obtain  a  conception  of  the  true  variability  of  kidne; 
function  in  dealing  with  administered  urea,  we  must  compar 
a  group  of  subjects  who  took  no  urea  with  a  group  of  those  wh( 
did.  If  it  were  found  that  there  was  a  greater  degree  of  vans 
bility  in  the  urea  group,  it  would  be  permissible  to  ascribe  th 
increase  in  variability  to  inconstancy  in  the  rate  of  excretion  c 
administered  urea  by  the  kidneys. *  The  difference  in  the  var: 
ability  of  the  two  groups  would  be  a  measure  of  the  variabilit 
of  kidney  function. 

We  accordingly  placed  six  subjects  under  the  same  conditioc 
observed  for  the  urea  group  recorded  in  Table  III,  except  tha 
they  took  no  urea.  Any  differences  between  the  individut 
averages  of  the  2nd  and  3rd  days  and  the  amounts  of  urea  ex 
creted  on  the  4th,  5th,  and  6th  days,  represent  the  extent  b 

•Folin,  O.,  (/.  .S.  Depl.  Agric.  Report,  1911,  xciv,  233. 

®  It  has  been  well  established,  contrary  to  what  might  have  been  ea 
pected,  that  urea  has  no  influence  on  protein  metabolism  (see  Abderhaldec 
E.,  Z.  physiol.  Chcm.y  1915,  xcvi,  1). 
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Lch  we   would   have   overestimated   or  underestimated   the 

«unts  of  "administered"  urea  excreted,  if  they  had  taken 

aEM.^.    These  differences  for  each  subject  and  for  each  period 

ar^  detailed  in  Table  IV  in  the  same  way  as  for  the  urea  group. 

^^lien  the  average  of  the  2nd  and  3rd  days  is  exceeded,  the  dif- 

fei-^nce  is  given  as  plus;  when  it  is  less,  the  difference  is  minus. 

In  comparing  the  degree  of  variability  of  the  groups  in  Tables 

in  and  IV,  the  average  deviation  is  a  much  better  measure 

to    employ  than  the  simple  range  of  variation,  since  it  takes  aU 

th.e  variations  into  accoimt,  and  not  only  the  most  extreme.     The 

average  deviation^®  is  the  average  of  all  the  differences  between 

the  individual  amoimts  IsLud  the  average  amount  for  each  group. 

These  differences  are  added  without  paying  attention  to  plus 

or  minus  signs,  and  the  sum  divided  by  the  number  of  individuals 

'^   the  group  gives  the  average  deviation. 

These  values  are  given  at  the  foot  of  Tables  III  and  IV. 
^t  will  be  noted  that  there  is  no  marked  or  constant  differ- 
ence in  the  variability  of  the  two  groups  at  any  period.  The 
most  representative  period  of  all  is  the  average  of  the  individual 
^  hour  excretion  of  the  4th,  5th,  and  6th  days.  The  average 
^^viation  for  this  period  in  the  urea  group  is  1.40,  while  it  is  1.41 
'^J*  those  who  did  not  take  urea. 

Since  there  is  no  appreciable  difference  in  the  degree  of  varia- 
bility of  urea  excretion  between  those  who  took  urea  and  those 
^'^o  did  not,  we  may  conclude  that  the  variability  found  in  the 
^^*cvilated  rate  of  excretion  of  administered  urea  may  be  ac- 
^^^^teited  for  by  the  variation  in  the  rate  of  protein  catabolism 
''^Od  day  to  day  in  the  same  individual.     And  although  we  can- 
^^t,    positively  assert  that  there  is  no  variability  in  the  rate  of 
^^oi-etion  of  administered  urea"  yet  any  variability  which  may 
must  be  of  slight  extent — so  slight  that  we  are  not  able  to 
^^^onstrate  its  existence. 

-       *  Yule,  G.  U.,  An  Introduction  to  the  Theory  of  Statistics,  London, 

^^^:^,  144. 

'^  Dr.  E.  S.  Kilgore,  who  suggested  the  use  of  the  average  deviation  in 
^^^^paring  the  variability  of  the  groups  with  and  without  urea,  also  pointed 

^^  that  the  "probable  error*'  of  these  average  deviations  was  such  that 
-  '^^^  variability  in  the  rate  of  excretion  of  administered  urea  could  not  be 

^^Hitely  excluded. 

'■'■B  JOUBXAL  or  BIOLOGICAL  CHEMISTRY,  VOL.  XXVII,  NO.  1 
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This  result  appears  to  us  to  be  of  particular  interest  on 
count  of  the  widely  prevalent  conception  of  the  essential  varia- 
bility of  normal  kidney  fimction  under  supposedly  constant 
conditions,  a  view  which  is  derived  from  the  work  of  Schlayer 
and  others. 

The  Percentage  of  Administered  Urea  Excreted  During  SuceeB9m 

Periods  of  the  24  Hours, 

After  the  ingestion  of  20  gm.  of  urea  there  is  an  almost  in- 
stantaneous increase  in  the  urea  concentration  of  the  blood 
which  continues  imtil  a  maximum  is  attained  about  2}  hoiin 
later.  Thereafter  there  is  some  decrease,  and  there  foUom 
throughout  the  remainder  of  the  24  hours  a  succession  of  fluetoa' 
tions  at  concentrations  which  all  remain  above  the  level  observed 
before  the  urea  was  taken.  The  total  urea  excretion  is  abc 
inmiediately  increased,  but  there  is  no  definite  rise  and  fall  fran 
a  maximum,  and  in  general  no  close  relationship  is  evident  be- 
tween the  urea  concentration  in  the  blood  and  the  rate  of  urei 
excretion.  The  rate  of  excretion  is  greatest  during  the  first  I 
hours,  and  thereafter  decreases  and  reaches  its  lowest  level  dur 
ing  the  sleep  of  the  night.  This  decrease,  though  in  genera 
constant,  may  show  considerable  fluctuations  during  short  in 
tervals.  These  points  are  illustrated  in  the  following  protoco 
which  records  observations  made  on  a  subject  who  took  20  gm 
of  urea  at  8  a.m.  while  on  the  diet. 

The  rapidity  of  urea  absorption  is  shown  by  the  considerai)! 
increase  in  blood  urea  concentration  as  early  as  10  minutes  afte 
the  urea  entered  the  stomach.  Thereafter  the  urea  was  entering 
the  blood  more  rapidly  than  it  was  leaving  it  through  the*  kid 
neys  and  into  the  tissues,  so  that  for  2^  hours  at  least  the  bloo« 
concentration  was  rising.  As  the  rate  of  tissue  absorption  ani 
kidney  excretion  became  greater  than  the  rate  of  entry  of  urea 
into  the  blood  from  the  alimentary  tract,  the  blood  urea  oonosD 
tration  gradually  fell.  The  subsequent  fluctuation  in  bloo< 
urea  concentration  is  not  atypical,  for  we  have  made  similar  ob 
servations  in  other  cases.  It  is  interesting  to  note  that  the  shar] 
rise  in  blood  urea  concentration  is  not  duplicated  in  the  curve 
of  urea  excretion  or  of  urine  concentration.     The  greatest  rati 
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This  result  appears  to  us  to  be  of  particular  interest  on  afl 
count  of  the  widely  prevalent  conception  of  the  essential  ▼aril 
bility  of  normal  kidney  function  under  supposedly  oonsten 
conditions,  a  view  which  is  derived  from  the  work  of  Sohlayc 
and  others. 

The  Percentage  of  Administered  Urea  Excreted  During  SueeB99k 

Periods  of  the  24  Hours, 

After  the  ingestion  of  20  gm.  of  urea  there  is  an  almost  k 
stantaneous  increase  in  the  urea  concentration  of  the  UoQ 
which  continues  until  a  maximum  is  attained  about  2}  hom 
later.  Thereafter  there  is  some  decrease,  and  there  foDoii 
throughout  the  remainder  of  the  24  hours  a  succession  of  fluctai 
tions  at  concentrations  which  all  remain  above  the  level  oboom: 
before  the  urea  was  taken.  The  total  urea  excretion  is  all 
immediately  increased,  but  there  is  no  definite  rise  and  faU  fro: 
a  maximum,  and  in  general  no  close  relationship  is  evident  b 
tween  the  urea  concentration  in  the  blood  and  the  rate  of  un 
excretion.  The  rate  of  excretion  is  greatest  during  the  first 
hours,  and  thereafter  decreases  and  reaches  its  lowest  level  do 
ing  the  sleep  of  the  night.  This  decrease,  though  in  gener 
constant,  may  show  considerable  fluctuations  during  short  i 
tervals.  These  points  are  illustrated  in  the  following  protoc 
which  records  observations  made  on  a  subject  who  took  20  gi 
of  urea  at  8  a.m.  while  on  the  diet. 

The  rapidity  of  urea  absorption  is  shown  by  the  consideral 
increase  in  blood  urea  concentration  as  early  as  10  minutes  afi 
the  urea  entered  the  stomach.  Thereafter  the  urea  was  enteri 
the  blood  more  rapidly  than  it  was  leaving  it  through  the'  Ic 
neys  and  into  the  tissues,  so  that  for  2^  hours  at  least  the  Uo* 
concentration  was  rising.  As  the  rate  of  tissue  absorption  i^ 
kidney  excretion  became  greater  than  the  rate  of  entry  of  ufl 
into  the  blood  from  the  alimentary  tract,  the  blood  urea  oonofl 
tration  gradually  fell.  The  subsequent  fluctuation  in  blo 
urea  concentration  is  not  atypical,  for  we  have  made  similar  i* 
servations  in  other  cases.  It  is  interesting  to  note  that  the  sh^ 
rise  in  blood  urea  concentration  is  not  duplicated  in  the  cur^ 
of  urea  excretion  or  of  urine  concentration.     The  greatest  ri 
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TABLE  V 


at  which 
blood 
collected 


7.30  a.  m. 


8.20  "  " 

8.40  "  " 

9.07  "  " 

9.30  "  " 

1O.30  "  " 

11.30  "  " 

12.30  p.  m. 

1.30  "  " 

3.30  "  " 


O.30 


8.30 


u     u 


«     « 


8.00  a.  m. 


Blood 
urea 
oonoen- 
tnition 
per  100 

CO. 


gm. 

0.0300 
0.0427 


0.0473 
0.0517 
0.0547 
0.0577 
0.0682 
0.0607 
0.0514 
0.04d5 

0.0585 


0.0495 


0.0346 


0  0540 


Hourly 
ureaeac- 
cretion 


0.91 


>1.78 


2.14 


1.70 

1.83 
1.68 
1.20 

1.80 
0.76 

1.58 

0.99 


Hourly 
volume 

of 
urioe. 


ee. 
143 


193 


109 

78 

69 

79 

104 

245 

107 

67 

71 
85 
91 
51 

75 

48 

107 
51 


Urine 
urea 
concen- 
tration 
per  100 

CO. 


gm. 
0.64 


0.92 


1.97 

2.78 
2.75 
2.53 
1.99 
1.20 
1.59 
2.17 

2.38 
2.15 
1.84 
2.35 

2.40 
1.58 

1.48 

1.95 


Times  between 

which  urine 

was  }coUected. 


7-^  a.  m. 


8-9  "    " 


9-10 


«    « 


«    « 


10-11 

11  a.m.-12n. 

12  n-l  p.m. 
1-2  p.m. 
2-3  "    " 
a-4  "   " 
4-5  " 


« 


5-6  "  " 

6-7  "  " 

7-8  "  " 

8-9  "  " 


t( 


9-10  " 
10  p.m.-7 
a.m. 
7—8  a.m. 


8-9 


<i   « 


Remarks. 


Rose  from  bed  at  7 

a.  m. 
At    8    a.m.     began 

drinking    360    cc. 

water  with  20  gm. 

urea.     At    8.10 

breakfast . 


At  12  n.  lunch. 


At  4  p.m.  afternoon 
meal. 


At  8  p.m.     evening 
meal. 

Sleeping  from   10.30 

p.m.— 7  a.m. 
Rose  from  bed  at  7 

a.m. 


of  urea  excretion   corresponds  with  the  maximum  volume  of 
Urine,  not  with  the  highest  blood  concentration. 

The  problems  raised  in  comiection  with  the  relationship  be- 
tween the  rate  of  urea  excretion  and  the  blood  urea  concentra- 
tion will  be  dealt  with  in  a  subsequent  commimication.  We  refer 
to  the  blood  here  only  to  emphasize  the  fact  which  has  already 
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been  demonstrated  by  Marshall  and  Davis,"  that  administ< 
ureaJsjK)t  Jifi^aped  up  in  the  blood,  but  exists  lor  the  greater 
part  in  the  tissues  andTis  gra3ually  withdrawn  from  them  foi 
excretion  by  the  kidneys.  But  the  relatively  high  degree  ol 
uniformity  in  the  rate  of  passage  of  the  administered  urea  througt 
the  kidneys  is  not  apparent  in  the  figures  of  the  total  urea  excre- 
tion. These  figures  show  irregular  fluctuations  from  hour  tc 
hour,  due  in  the  main  to  the  varying  rate  of  formation  of  urea  f ron: 
food  and  tissue  protein.  By  subtracting  the  average  total  ex- 
cretion of  the  2nd  and  3rd  days  from  the  excretion  of  the  ures 
period,  as  has  been  done  in  determining  the  degree  of  variability 
in  the  rate  of  excretion  of  administered  urea,  we  eliminate  the 
differences  which  exist  between  different  subjects,  althougl 
individual  variations  will  still  prevent  more  than  an  approxima- 
tion being  reached.  Nevertheless  it  would  seem  to  be  advisable 
to  express  the  calculated  rate  of  excretion  of  administered  urea 
during  different  periods  of  the  24  hours  in  terms  of  a  percentage 
of  the  24  hour  excretion  of  administered  lu-ea,  because  such  an 
expression  may  prove  of  value  as  a  standard  of  comparison  in 
detecting  functional  abnormalities  of  the  kidney. 

It  has  long  been  known  that  the  amounts  of  the  various  con- 
stituents of  the  urine  tend  under  normal  conditions  to  be  excreted 
in  larger  proportion  during  the  day  than  during  the  night;  it  has 
also  been  frequently  observed  that  this  relationship  may  be  re- 
versed when  the  kidneys  are  diseased,  so  that  the  night  quanti- 
ties are  greater  than  those  of  the  day — a  condition  known  clini- 
cally as  nocturia.  The  current  theory  as  to  the  reason  for  noc- 
turia implies  that  it  arises  from  an  inability  on  the  part  of  the 
kidneys  to  overtake  all  the  extra  work  thrown  on  them  during 
the  day,  so  that  part  of  the  excretory  products  are  retained  to 
be  eliminated  during  the  night.  If  this  explanation  be  correct, 
our  procedure  should  provide  conditions  for  the  revelation  of 
any  latent  tendency  in  this  direction,  for  it  involves  a  marked 
and  sudden  call  for  increased  work  by  the  kidneys  at  the  com- 
mencement of  the  day  period. 

We  have  therefore  worked  out  for  each  subject  the  percentage 
of  the  24  hour  excretion  of  administered  urea  eliminated  during 

»2  Marshall,  E.  K.,  Jr.,  and  Davis,  D.  M.,  J.  BioL  Chem.,  1914,  xviii,  53. 
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the  day  and  night  periods,  and  also  during  the  first  8  hours  of 
the  day,  the  period  throughout  which  the  maximum  rate  of  excre- 
tion is  found.  In  Table  VI  these  percentages  are  given  for  the 
individual  average  excretions  of  the  4th,  5th,  and  6th  days. 

TABLE  VI. 

The  Percentage  of  the  S4  Hour  Excretion  of  Administered  Urea  Eliminated 

During  Successive  Periods  of  the  S4  Hours. 

(Calculated  from  the  averages  of  the  4th,  5th,  and  6th  da3r8). 


8  hn.  of  day. 

12  hn.  of  day. 

12  hrs.  of  night. 

8  a.in.-4  p.m. 

8  a.m. -8  p.m. 
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57.1 

75.5 

24.5 

In  every  case  more  than  one-half  of  the  24  hour  excretion  of 
Administered  urea  appears  during  the  first  8  hours,  and  there  is 
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not  more  than  about  one-third  at  most  excreted  during  the  12 
hours  of  night.  The  average  day  excretion  is  more  than  three 
times  greater  than  that  of  the  night. 

The  existence  of  a  condition  described  as  '^kidney  fatigue' 
has  been  hypothecated  by  some  observers^*  to  e^^plain  certait 
experimental  results.  Whether  this  view  is  justified  or  not,  wc 
certainly  have  no  evidence  of  any  such  condition  in  these  experi- 
ments, although  the  addition  of  a  heavy  load  on  the  work  oi 
the  kidneys  for  3  successive  days  might  be  expected  to  elicil 
such  a  state.  On  the  contrary  we  find  that  the  average  percent- 
age excreted  during  the  first  8  hours  after  urea  administratior 
increases  slightly,  from  54.9  per  cent  on  the  4th  day,  to  58.5 
per  cent  on  the  5th  day,  to  59.3  per  cent  on  the  6th  day. 

Urea  taken  by  mouth  by  virtue  of  its  extreme  dififusibility  u 
quickly  and  evenly  distributed  throughout  all  the  tissues  of  th( 
body.  As  the  urea  content  of  the  blood  is  lowered  by  the  secre- 
tory activity  of  the  kidneys,  the  urea  is  gradually  returned  fron 
the  tissues  to  the  blood,  and  is  excreted.  The  constancy  in  the 
rate  of  excretion  of  administered  urea  shows  that  there  must  be 
a  relationship  at  any  one  period  of  the  24  hours  between  this 
rate  of  excretion  and  the  amount  of  the  administered  urea  stil 
remaining  in  the  body.  The  exact  range  of  variation  in  tliis 
relationship  will  of  course  not  be  exactly  determinable  because 
of  the  individual  variations  in  protein  catabolism,  but  the  aver 
ages  for  the  different  periods  should  give  a  close  approximation 
This  relationship,  expressed  in  the  form  of  the  percentages  o: 
the  administered  urea  within  the  body  which  were  excreted  ai 
successive  4  hour  intervals  during  the  day,  is  given  in  Table  VII 

There  seems  to  be  a  fairly  constant  relation  between  the  rate 
of  excretion  and  the  amount  of  administered  urea  in  the  body 
The  lowest  percentages  are  found  during  the  first  4  hours  o: 
each  day.  This  might  have  been  ascribed  to  the  fact  that  the 
20  gm.  of  administered  urea  require  some  time  to  be  absorbed 
But  this  is  not  a  valid  explanation,  for  we  know  that  at  the 
very  commencement  of  this  period  the  blood  urea  concentratior 

»»  D'Ainato,  L.,  and  Fagclla,  V.,  Z.  klin.  Med.,  1911,  Ixxii,  474.  Schlayer, 
(-.,  Vcrhandl.  kong.  inn.  Med.,  1912,  501.  Mosenthal,  H.,  and  Schlayer. 
C,  Deutsch.  Arch.  klin.  Med.,  1913,  cxl,  217.  Lindemann,  Ergebn.  Physiol., 
1914,  xix,  652. 
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TABLE  Vn. 

The  Relationship  hettveen  the  Average  Amounts  of  Administered  Urea  Ex- 
creted During  Successive  4  Hour  Intervals  after  the  Ingestion  of  BO  Gm, 
of  Urea,  and  the  Average  Amounts  of  Administered 

Urea  within  the  Body, 


Day. 

Period. 

Adxniniatered  urea 
excreted  in  4 
hour  periods. 

Administered  urea 
in  body  at  oom- 
mencement      o  f 
each  pmod. 

Percentate  of  the 
administered 
urea  in  the  body 
which    was    eoc- 
creted    every    4 
hours. 

4th 

8  a.m.-12  n. 

4.82 

20.00 

24 

12  n.-4  p.m. 

4.37 

15.18 

29 

4-^  p.m. 

3.23 

10.81 

30 

5th 

8  a.m.-12  n. 

5.64 

•23.02 

24 

12  n.-4  p.m. 

5.37 

.    17.38 

31 

4-8  p.m. 

3.38 

12.01 

28 

6th 

8  a.m.-12  n. 

6.01 

24.22 

25 

12  n.-4  p.m. 

5.23 

18.21 

29 

4-8  p.m. 

3.24 

12.98 

25 

rises  rapidly  to  a  level  above  that  existing  during  the  remainder 
of  the  day,  so  that  the  mean  blood  urea  concentration  is  higher 
for  this  period  than  for  any  other.  One  would  therefore  ex- 
pect that  the  largest  instead  of  the  lowest  proportion  of  the  ad- 
ministered urea  in  the  body  would  have  been  eliminated.  This 
is  a  good  example  of  the  fact  that  there  are  conditions  imder  which 
there  is  not  always  a  direct  relationship  between  the  concen- 
tration of  urea  in  the  blood  and  the  rate  of  urea  excretion. 

The  Rate  of  Excretion  of  Administered  Urea  after  the  Ingestion 

of  40  Gm.  of  Urea. 

After  the  above  data  on  the  rate  of  urea  excretion  after  the 
ingestion  of  20  gm.  of  urea  had  been  accumulated,  we  proceeded 
to  determine  the  effect  of  the  administration  of  double  that 
amount  of  urea. 

Nine  subjects  took  40  gm.  of  urea  imder  the  same  conditions 
as  before,  except  that  the  subjects  K4,  Boj,  Br,  and  Ca  took  the 
urea  dissolved  in  720  cc.  of  water  instead  of  360  cc.  Unfortunately 
4  hour  collections  were  not  made  during  the  fore-period,  so  that 
We  can  only  give  the  rate  of  excretion  of  administered  urea  for 
24  hour  and  12  hour  periods.  The  results  are  given  in  Table  VI I  If 
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'  The  average  deviations  show  that  the  rate  of  excretion  of  ad- 
ninistered  urea  is  quite  as  constant  after  40  as  after  20  gm. 

The  average  percentage  of  the  24  hour  excretion  of  administered 
irea  eliminated  during  the  day  and  night  periods  was  75.6  per 
?ent  for  the  day  time  and  24.4  per  cent  for  the  night,  as  compared 
dth  75.5  and  24.5  per  cent  after  the  ingestion  of  20  gm.  of 
irea.  The  ranges  of  variation  were  from  78  to  74  per  cent  for 
he  day,  and  from  26  to  22  per  cent  for  the  night. 

The  relationship  between  the  rate  of  excretion  of  administered 
irea  and  the  amount  of  administered  urea  within  the  body  is 
ilso  substantially  the  same.  After  40  gm.  of  urea  the  percentage 
)f  the  administered  urea  within  the  body  which  was  excreted 
luring  the  12  hours  of  the  day  was  64  per  cent,  whereas  after 
XO  gm.  of  urea  it  was  61  per  cent. 

At  the  completion  of  the  urea  period  an  average  of  4.46  gm. 
>f  the  administered  urea  remained  within  the  body  when  40  gm. 
)f  urea  were  taken.  The  average  amount  after  20  gm.  was  4.96 
^n.  The  retention  of  this  urea  is  not  to  be  ascribed  to  an  inabil- 
ty  on  the  part  of  the  kidneys  to  excrete  it.  It  is  retained  be- 
cause it  has  never  been  brought  to  the  kidneys  for  excretion. 

It  would  be  useless  to  attempt  by  giving  larger  doses  of  urea 
o  reach  any  absolute  limit  to  the  capacity  of  the  normal  kidney 
n  excreting  urea  since  no  such  limit  exists  for  any  dose  of  urea 
hat  it  is  possible  to  give.  As  long  as  sufficient  water  is  avail- 
ible  the  rate  of  excretion  will  increase  with  ever>-  increase  in 
he  amount  of  urea  ingested. 

CONCLUSIONS. 

1.  In  thirty-nine  experiments  on  young  healthy  adults  noevi^ 
enee  of  variability  in  kidney  action  could  be  obtained  in  the 
rork  of  excreting  preformed  urea  added  to  a  constant  diet.  Such 
ariation  as  was  found  in  the  amounts  of  urea  excreted  could  be 
ully  accounted  for  as  arising  from  extra-renal  factors.  It  is 
oncluded  therefore  that  the  normal  kidney  under  constant 
onditions  is  characterized  by  the  possession  of  a  high  degree  of 
onstancy  of  function. 

2.  The  rate  of  excretion  of  the  administered  urea  during  suc- 
«ssive  periods  of  the  24  hours  showed  that  the  repetition  of 
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large  doses  of  urea  did  not  elicit  the  condition  which  has  been 
described  as  "kidney  fatigue." 

3.  A  fraction  of  the  urea  which  was  administered  remained 
in  the  body  after  24  hours.  This  urea  was  not  retained  because 
of  any  failure  on  the  part  of  the  kidneys  to  eliminate  it,  for  the 
amount  retained  was  no  larger  when  40  than  when  20  gm.  of 
urea  were  taken. 
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In  the  course  of  an  investigation  into  the  conditions  controlling 
the  rate  of  urea  excretion,  we  have  accumulated  data  in  regard  to 
the  volume  of  urine  of  subjects  on  a  constant  water  intake,  which 
are  of  themselves  of  interest  as  illustrating  the  wide  range  of 
variation  of  this  factor,  and  may  further  prove  of  value  m  defin- 
ing the  limits  beyond  which  a  giyen_ volume  of  urine  may  prop-, 
erly  be  regarded  as  abnormally  large  or  small. 

The  diet  has  been  detailed  in  the  previous  paper  on  the  rate  of 
urea  excretion.  The  total  water  content  of  the  food  and  fluids 
was  1,710  cc.  This  was  increased  to  2,070  cc.  on  the  last  3  days 
of  the  diet  by  the  360  cc.  of  water  in  which  the  urea  taken  was 
dissolved.  A  slight  inequality  in  water  intake  was  introduced  in 
those  few  cases  who  did  not  always  take  all  of  the  nitrogen-free 
cornstarch  which  was  provided.. 

Table  I  gives  the  averages  and  limits  of  variation  in  the  vol- 
ume of  urine  in  those  twenty  subjects  who  took  20  gm.  of  urea 
under  the  above  conditions. 

It  is  evident  from  these  figures  that  the  volume  of  urine  in  any 
individual  for  anj*^  one  day  or  part  of  a  day  is  an  extremely  vari- 
able quantity,  in  spite  of  constant  water  intake.  But  when  the 
volumes  of  the  4th,  5th,  and  6th  days  in  each  individual  are  aver- 
aged, the  range  of  variation  is  greatly  lessened.  These  averages 
are  given  in  order  of  ascending  magnitude  in  Table  II. 

We  hope  to  find  the  above  figures  useful  in  the  recognition  of 
true  polyuria  or  oliguria. 

When  the  kidneys  are  diseased,  the  volume  of  urine  passed  at 
night  is  often  larger  than  the  day  urine.     But  we  have  found 
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that  this  condition  may  be  present  in  subjects  whose  kidneys  are 
perfectly  normal.  When,  however,  the  percentages  of  the  total 
24  hour  urine  excreted  at  night  on  the  4th,  5th,  and  6th  days  are 
averaged  for  each  individual,  we  find  that  in  all  of  them  the  night 
excretion  is  less  than  the  day.  Table  III  shows  the  average  and 
limits  of  variation  in  the  average  percentage  distribution  of  urine 
volume  for  3  days. 

TABLE  I. 
Average  and  Limits  of  Variation  in  Volume  of  Urine  (Cc). 


iBtday. 

2nd  day. 

3rd  day. 

1 

> 
< 

Limits  of 
variation. 

- 

• 

1 

Limits  of 
variation. 

• 

> 

< 

Limits  of 
variation. 

Period. 

1 

• 

1 

• 

■»» 
J 

• 

• 

1 

bt 

1 

24  hrs., 
8  a.m.— 8  a.m. 

12  hrs., 
8  a.m.— 8  p.m. 

8  hrs., 
8a.m.-4p.m. 

1,058 
642 
458 

2,215 
1,405 
1,141 

609 
381 
281 

1,059 
646 
413 

2,023 

1,272 

581 

727 
366 
225 

975 
617 
417 

1,341 
862 
646 

587 
395 
284 

4th  day. 

5th  day. 

6th  day. 

24  hrs. 
8  a.m.— 8  a.m. 

12  hrs., 
8  a.m.— 8  p.m. 

8  hrs., 
8a.m.-4  p.m. 

1,406 
902 
643 

2,323 
1,681 
1,149 

951 
605 
422 

1,354 
913 
661 

1,674 

1,248 

925 

1,003 
732 
446 

1,322 

893 
645 

1,665 
1,269 
1,035 

903 
615 
477 

There  is  not  less  than  38  per  cent  of  the  24  hour  volume  ex 
creted  during  the  first  8  hours  of  the  day,  and  not  less  than  5 
per  cent  in  the  first  12.     Under  these  conditions  also  we  nev 
find  more  than  47  per  cent  eliminated  during  the  night. 

We  may  therefore  be  reasonably  certain  of  the  presence  of 
true  nocturia,  meaning  an  abnormally  high  proportion  of  nif 
urine,  when  we  find  in  any  individual  who  takes  the  diet  that 
per  cent  or  more  of  the  average  24  hour  excretion  of  the  Iw 
days  is  eliminated  at  night. 


T.  Addis  and  C.  K.  Watanabe 

TABLE  n. 
Tke  Average  Volume  of  Urine  of  the  UK  ^'^t  <ind  6th  Days. 


269 


V*-. 

8  hn.  (8  a.m.— 4  p.m.) 

12  hra.  (8  a.m. — 8  p.m.) 

24hr8.  (8  a.m.— 8  a.m.) 

No. 

Subject. 

Volume. 

Subject. 

Volume. 

Subject. 

Volume. 

ce. 

oc. 

cc. 

1 

.      Br, 

501 

Ai 

684 

A, 

1,013 

2 

A, 

519 

Br, 

709 

Br, 

1,022 

3 

Ad 

519 

Ad 

713 

Ad 

1,097 

4 

Boi 

527 

Bo, 

740 

s. 

1,202 

5 

G 

528 

D 

813 

Bo, 

1,213 

6 

D 

603 

G 

819 

F 

1,234 

7 

J 

604 

K, 

833 

We 

1,253 

8 

P 

613 

F 

868 

D 

1,257 

9 

F 

626 

P 

879 

P 

1,297 

10 

K, 

626 

J 

901 

J 

1,345 

11 

Cr 

691 

K, 

901 

G 

1,378 

12 

K, 

700 

We 

924 

Cr 

1,393 

13 

We 

707 

Boy, 

935 

Boy, 

1,399 

14 

B 

708 

B 

964 

S, 

1,441 

15 

Si 

724 

K, 

968 

M 

1  441 

16 

s, 

734 

Cr 

1,011 

B 

1,467 

17 

K, 

734 

s. 

1,017 

K, 

1,489 

18 

Boyi 

765 

s. 

1,042 

K, 

1,526 

19 

M 

773 

M 

1,063 

Je 

1,707 

20 

Je 

788 

Je 

1,195 

K, 

1,712 

-A.  verage . 

650 

903 

1,361 

TABLE  III. 


verage  and  Limits  of  Variation  in  the  Average  Percentages  of  Urine  Volume 
Excreted  During  Different  Periods  of  the  S4  Hours  on 
the  UK  ^f^*  and  eth  Days. 


Period. 

Highest. 

IX>W08t. 

8  hrs.  of  day,  8  a.m.-4  p.m 

X2    "     "     "     8a.m.-8p.ni 

X2    **     "  night,  8  p.m.-8  a.in 

percent 

48 
66 
34 

percent 

56 
74 
47 

percent 
38 

53 
26 

In  order  to  determine  whether  a  moderate  increase  in  the  vol- 
xime  of  urine  led  to  any  increase  in  the  rate  of  excretion  of  admin- 
istered urea,  the  experiment  was  repeated  in  four  subjects  imder 
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the  same  conditions  except  that  250  cc.  of  water  were  taken  with 
each  of  the  four  meals,  in  all  1,000  cc.  of  additional  water  for  each 
24  hour  period.  Table  IV  gives  the  average  amounts  of  admin- 
istered urea  excreted  by  these  four  individuals  with  and  without 
extra  water. 

TABLE  IV. 
Xo  Extra  Water. 


Period. 


24  hrs.,  8  a.m.-8  a.m 

12     "     8a.m.-8  p.m.*.. 
8     "     8  a.m.-4  p.m.** 


Average  amounts  of  administered 
urea  excreted. 


4th 
day. 


15.3 

11.3 

9.3 


5th 
day. 


20.0 
15.7 
11.5 


6th 
day. 


19.9 
14.1 
10.6 


Average  of 

4th.5th,and 

6th  dasrs. 


18.4 

13.7 
10.  > 


Volume  of 
urine. 


Avermgeof 

4th,  5th.  and 

6th  days. 


re. 


1,128 
752 
545 


1,000  Cc.  Extra  Water  Per  Day. 


24  hrs.,  8  a.m.-8  a.m 

12     "     8a.m.-8p.m.* 

8     "     8  a.m.-4  p.m.** 

*Average  of  three  cases  only. 
**      "        "  two        " 


17.0 

19.4 

20.4 

18.9 

12.2 

13.7 

16.3 

14.1 

10.2 

12.2 

13.2 

11.9 

2,350 
1,671 
1,277 


While  the  figures  for  the  4th  and  6th  days  suggest  a  slight 
acceleration  of  the  rate  of  excretion,  yet  the  averages  for  the  3 
days  are  almost  identical.  These  dififerences  are  well  within  the 
Umits  of  error,  and  it  therefore  cannot  be  said  that  there  is  any- 
demonstrable  increase  in  the  rate  of  excretion  of  administered 
urea  when  1,000  cc.  of  water  a  day  are  added  to  the  diet.  We  do 
not  conclude  that  the  volume  of  urine  never  has  any  effect  on  the 
rate  of  urea  excretion.  On  the  contrary,  we  have  evidence  which 
will  be  given  later  that  under  certain  well  defined  conditions  the 
volume  of  urine  is  a  very  important  factor  in  determining  the 
rate  of  excretion.  But  under  the  above  conditions  doubling  the 
volume  of  urine  has  no  appreciable  influence. 

It  may  be  worth  noting  that  there  is  no  indication  that  the 
extra  water  altered  the  level  of  protein  catabolism.  The  average 
total  excretion  of  urea  for  the  whole  period  of  6  days  was  152  gm. 
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when  the  total  urine  volume  was  6,484  cc,  and  149  gm.  when 
the  volume  was  12,827  cc. 

Although  the  rate  of  urea  excretion  is  not  demonstrably  in- 
creased by  an  increase  in  urine  volume,  an  increase  in  the  rate  of 
urea  excretion  induced  by  the  ingestion  of  urea  is  accompanied 
by  an  increased  urine  volume.  The  average  volumes  of  luine 
excreted  on  the  4th,  5th,  and  6th  days  of  the  diet  by  three  groups 
of  individuals  who  took  different  amoimts  of  urea  are  compared 
in  Table  V.  .  The  first  group  consists  of  six  individuals  who  were 
given  360  cc.  of  water  but  no  urea,  the  second  comprises  twenty 
who  took  20  gm.  of  urea  in  360  cc.  of  water,  and  the  third  group 
is  compiled  from  five  individuals  who  were  given  40  gm.  of  urea 
in  360  cc.  of  water. 

TABLE  V. 

The  Average  Volume  of  Urine  of  the  4thf  6th,  and  6th  Days  in  Groups  of  In- 
diffiduaU  Who  Took  No  Urea,  tO  Gm.  of  Urea,  or  40  Gm.  of  Urea. 


Period. 

No  urea. 

20  cm.  of  urea. 

40  gm.  of  urea. 

24  hni.i  o  ft.in.'~8  &.Tn 

cc 

1,051 
707 
547 
245 

ce. 

1,361 
903 
650 
337 

cc. 

1,446 
d88 

12    **     8  a  jn.-8  p.m 

8    "     8  a.m.-4  p.m 

735 

4    "     8  a.m.-12  noon 

3d8 

In  spite  of  the  constancy  of  the  water  intake  the  average  vol- 
ume of  lu'ine  is  considerably  increased  in  those  who  took  urea. 


CONCLUSIONS. 

1.  The  volume  of  urine  in  normal  individuals  on  a  constant 
diet  ^ith  the  same  water  intake  is  extremely  variable  for  any 
single  day  or  part  of  a  day. 

2.  The  average  volume  of  the  last  3  days  of  the  diet  when  the 
water  intake  was  2,070  cc.  varied  in  twenty  individuals  from 
1,013  to  1,712  cc.  for  a  24  hour  period,  from  684  to  1,195  cc.  for 
the  first  12  hours  of  the  day,  and  from  501  to  788  cc.  for  the  first 
8  hours  of  the  day. 

3.  The  percentage  of  the  24  hour  volume  excreted  during  the 
12  hours  of  the  night  did  not  exceed  47  per  cent  in  any  subject, 
when  the  volumes  for  the  last  3  days  of  the  diet  were  averaged. 
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4.  An  increase  of  1,000  cc.  a  day  in  the  water  intake  more  than 
doubled  the  volume  of  urine  but  did  not  appreciably  increase  the 
rate  of  urea  excretion. 

'  5.  An  increase  in  the  rate  of  urea  excretion  induced  by  the 
ingestion  of  urea,  the  water  intake  remaining  constant,  was  ac- 
companied by  a  considerable  increase  in  the  volume  of  urine. 
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OBSERVATIONS  ON  THE  CHANGES  IN  THE  CHOLES- 
TEROL    CONTENT    OF    THE    BLOOD    OF    GOATS, 
FOLLOWING  CHOLESTEROL  FEEDING  ALONE, 
ROENTGEN  TREATMENT  ALONE,  AND  CHO- 
LESTEROL FEEDING  COMBINED  WITH 
ROENTGEN  TREATMENT  AND  SUB- 
SEQUENT CASTRATION.* 

By  GEORGINE  LUDEN. 
(From  the  Mayo  Clinic,  Rochester,  Minn.) 

(Received  for  publication,  July  4,  1916.) 

The  importance  of  cholesterol  metaboliam  has  been  established  by  the 
vork  of  Weltmann  (1),  Bacmeister  and  Havers  (2),  Aschoff  (3),  McNee 
4),  Wacker  (5),  Sternberg  (6),  Rothschild  (7),  and  others;  that  its  study 
B  becoming  a  subject  of  general  interest  may  be  seen  from  the  number 
^f  observations  that  have  been  made  within  the  last  2  years. 

While  the  main  object  of  the  earlier  work  done  on  cholesterol  was  the 
Xperimental  reproduction  of  the  arteriosclerotic  lesions  (Stuckey  (8), 
^esselkin  (9),  Chatalow  (10),  Anitschkow  (11),  and  lately  McMeans 
1 2)  },  this  work  proved  incidentally  that  a  great  number  of  organs  are 
Reeled  by  a  disturbance  of  the  cholesterol  balance.  Subsequent  in- 
estigations  have  shown  that  the  organs  principally  concerned  with  the 
^^ulation  of  the  cholesterol  metabolism  arc  the  adrenals,  the  liver,  the 
enital  glands,  and  the  intestines  (Rothschild  (7),  Weltmann  and  Biach 
13),  Anitschkow  and  Chatalow  (14),  Albrecht  and  Weltmann  (15),  Stew- 
rt  (16),  Hueck  (17),  Gardner  and  Lander  (18),  Sternberg  (6),  Lowenthal, 
L9},  McMeans  (12),  McNee  (4)  ).  That  cholesterol  is  also  stored  in  the 
ody  fat  has  been  demonstrated  by  Rothschild  (20)  and  Wacker  (5).  It 
as  further  been  shown  that  the  cholesterol  content  of  the  blood  is  changed 
y  ph3r8iologic  as  well  as  by  pathologic  conditions;  that  pregnancy  and 
fetation,  diseases  of  the  liver,  and  malignant  growths  increase  cholesterol 
alue,  but  that  the  influence  of  bacterial  infection  depends  on  the  acute  or 
hronic  character  of  the  process;  Weltmann  (1)  found  that  in  tuberculosis, 
^r  instance,  the  cholesterol  content  of  the  blood  was  lowered  as  the  dis- 
use progressed. 

The  effect  of  cholesterol  on  cell  proliferation  has  been  made  a  subject 
»f  recent  investigations:  Robertson  and  Burnett  (21)  reported  that  a 
:rowth  of  transplanted  carcinoma  in  white  rats  (Flexner-Jobling  type) 

*  Read  by  title  before  the  Americ£v?[i  Association  of  Pathologists  and 
bacteriologists,  Washington,  D.  C,  May  ^10,  1916. 
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was  accelerated  by  the  intravenous  injections  of  cholesterol  emuUic^  vi ; 
Browder  (22)  states  that  the  rate  of  cell  division  of  paramecia  is  marke  <=2  1y 
increased  by  the  addition  of  small  amounts  of  cholesterol  to  the  cult  ^«.-s.  to 
medium;  McMcans  (12)  observed  that  proliferation  of  the  artericz^V^s 
of  the  lungs  and  the  kidneys  occurred  in  cholesterol -fed  rabbits.  JL^Mie 
bearing  of  these  experiments  on  the  problem  of  malignant    growth.  is 

obvious. 
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The  foregoing  brief  review  shows  that  a  great  number  of  fact 
influence  cholesterol  metabolism;  viz.,  the  relative  adequacy^  «f 
fiome  four  or  five  organs  taking  part  in  the  regulation  of  'ttnae 
metabolic  balance  and  physiologic  as  well  as  pathologic  conc^Ki- 
tions.  There  may  be  other  factors  whose  importance  has  not  y^^* 
been  ascertained,  and  it  will  therefore  be  easily  imderstood  th^^^ 
the  interpretation  of  changes  in  the  cholesterol  value  of  the  bloi^  ^^ 
is  fraught  with  difficulties.  At  present  only  deductions  base 
on  unusually  high,  or  unusually  low,  on  markedly  progressive, 
markedly  recurrent  cholesterol  values  can  be  expected  to  givr 
any  definite  clue  concerning  the  actual  relation  between  a  dis- 
turbance  of  the  cholesterol  balance  and  the  associated  pathologi 
Bymptoms. 

The  object  of  my  experimental  work  is  to  produce  malignan 
proliferation  in  animals  by  disturbing  the  cholesterol  balance. 
For  this  purpose  cholesterol  feeding  has  been  used.  In  some 
cases  Roentgen  treatment  has  been  employed  in  addition,  to  break 
down  the  "lymphoid  defence"  of  the  animal  (Murphy  and 
Morton  (23)  ).  Cholesterol  tests  of  the  blood  were  made,  not 
as  an  end  in  themselves,  but  as  a  means  by  which  the  progress  of 
the  metabolic  disturbance  might  be  gauged.  A  few  observations 
made  during  the  course  of  the  experiment  seem  to  furnish  data 
concerning  some  of  the  factors  that  influence  the  cholesterol  con- 
tent of  the  blood.  These  observations  I  wish  to  present  here 
although  the  experiment  under  discussion  is  not  yet  completed. 

Rothschild  (7)  in  his  studies  on  the  cholesterol  content  of  the 
blood  of  rabbits  found  that  normal  animals  appear  to  have  an 
"individual  cholesterol  standard''  to  which  they  adhere  with  only 
slight  variations.  Bloor  (24)  has  observed  that  in  dogs  the  pro- 
cess of  digestion  and  the  chemical  constituents  of  certain  types  of 
food  do  not  influence  the  cholesterol  percentage  to  any  consider- 
able extent.  In  the  main,  this  may  also  be  applied  to  goat» 
(Table  I,  Fig.  1). 


i 


TABLE  t. 
lutletlerol  Value*  in  the  Blood  of  fformii  Goals.     Tettt  Maie  Enry  I  Rouri 
(8  a.m.  to  e  j>.m.).    JUealU  Expressed  in  Per  CeiU. 


Goat  21  (male;  received  cholesterol  only). 
0,216  -  -  0,216  -  -  0  272"  -  -  -  {0.2l6)t 

0-lSft  -  -  0.21B  -  -  0.254  -  -  0.2St  -  -  0.266** (0-230) 

0.242 -- 0.242- -0.282 -- 0.262 --0.2fl6** (0.216) 

0.254--0.254--0,266*'  (0.224) 

0.216- -0-216- -0-242- -0.242- -0  272"    - 
0-210  -  -  0.210  -  -  0  242  -  -  0.242  -  -  0-260" 


Goat  10  (male;  normal  control). 

0. 158  -  -  0. 158  -  -  0,  l80  -  -  0- 180  -  -  0.302" (0- 

0, 146  -  -  0- 146  -  -  0. 186"  (0 

0.158--0.158--0.1S6"  ---.- 

0. 168  -  -  0.  I6S  -  -  0. 190  -  -  0. 190  -  -  0. 202**  -  - 

0.186 --0,186- -0.202"  (0. 

0-130--0-136--0-186" 


.242) 

0-272 

.220) 

0.260 

-16S) 

0.202 

.153) 

B.186 

.I5S) 

H86 

.158) 

).202 

.163) 

).202 

-146) 

0.186 

*Tbe  readings  made  at  each  2  hour  period  were  repeated  at  intervals 
>f  2  minutes. 

"  Value  remained  conatRnt  for  four  or  more  readings. 

t  The  ain&ll  dashes  represent  approximately  the  number  of  minutes 
tut  elapsed  between  the  last  conntant  reading  and  the  first  reading  lower, 
'otc  that  this  interval  was  longer  for  Goat  10  than  for  Goat  21, 

t  The  slightly  lower  values  at  this  time  may  have  been  due  to  the  fact 
1st  a  few  clots  had  formed. 


41....  ^... :'     .         ■ .  -■_...: .:: 


Fio.  1.  Choleaterol  viiluea  in  the  blood  of  two  normal  goatH;  Goat  10, 
Bale,  rt^wvw^;  Goat  35,  female,  +-I-I-.    Note  that  the  vali 
joat  10. remained  constant  for  7  weeks  and  those  for  Goat 
wnstant  for  5  weeks. 
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Fig.  1  shows  the  cholesterol  values  found  in  the  blood  of  two 
normal  goats,  one  male  (GIO)  and  one  female  (G35),  during  a 
period  of  8  weeks  (weekly  tests).  Whereas  the  values  of  the 
male  animal  remained  unchanged  for  7  consecutive  weeks,  a 
drop  occurred  in  the  cholesterol  value  of  the  female  between 
March  6  and  13,  the  animal  being  in  heat  at  the  time.  The  fact 
that  a  lower  cholesterol  value  was  observed  while  the  animal  was 
in  heat  indicates  that  the  cholesterol  content  of  the  blood  is  in- 
fluenced by  reproductive  activity,  an  observation  to  be  discussed 
at  greater  length  in  connection  with  the  period  following  castra- 
tion. 

Table  I  gives  the  cholesterol  values  found  by  tests  made  every 
2  hours  from  8  a.m.  to  6  p.m.  The  effect  of  the  variouis  stages  of 
digestion  even  in  a  ruminating  animal  should  be  clearly  demon- 
strable by  an  experiment  extending  over  a  period  of  10  hours. 
Whether  the  slight  variations  that  occurred  are  really  due  to  the 
digestive  process  is  a  difficult  matter  to  decide,  since  a  goat  rumi- 
nates and  digests  without  interruption  so  that  even  if  food  were 
kept  out  of  its  reach  for  some  time,  the  digestive  factor  could  not 
be  entirely  eliminated.  (Starvation  increases  the  cholesterol  con- 
tent, as  Rothschild  has  ascertained.  However,  it  would  seem 
practically  impossible  to  regulate  the  food  supply  for  a  ruminat- 
ing animal  so  that  digestion  would  cease  without  risking  the  oc- 
currence of  sUght  symptoms  of  starvation.)  Whether  the  fluc- 
tuations of  the  cholesterol  content  (Table  I)  are  due  to  the  pro- 
cess of  digestion  or  to  a  greater  amount  of  muscular  activity  on 
the  part  of  the  animal,  they  are  in  themselves  so  slight  that  they 
can  hardly  be  considered  significant. 

Method  of  Investigation. — In  my  experiment,  the  cholesterol 
content  of  the  blood  of  six  goats  was  determined  every  week  in 
the  course  of  7  months.  For  obvious  reasons  this  part  of  the 
experiment  is  divided  into  three  periods:  (1)  Observation  and 
cholesterol  feeding  alone  (Fig.  2).  (2)  Continued  cholesterol 
feeding  alone,  Roentgen  treatment  alone,  and  cholesterol  feeding 
combined  with  Roentgen  treatment  (Figs.  3a,  3b,  and  3c). 
(3)  Following  castration,  other  experimental  factors  unchanged 
(Figs.  5a,  5b,  and  5c). 

First  Period. — During  the  first  5  weeks  all  the  goats  were  kept 
under  good  laboratory  conditions  and  were  not  subjected  to  any 
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experiment  except  that  3  ec.  of  blood  were  taken  from  the  jugular 
Arein  by  means  of  a  hypodermic  syringe  every  week  in  order  to 
determine  the  average  cholesterol  value  of  the  blood  of  each  ani- 
mal. At  the  end  of  3  weeks  all  the  animals  developed  symptoms 
of  mange.  The  disease  remained  confined  to  small  areas  on  the 
cars  or  nose  and  apparently  cleared  up  in  a  fortnight.  The 
changes  occurring  in  the  cholesterol  value  from  Oct.  7  to  Nov.  1 
may  be  partly  accounted  for  by  this  infection,  and  partly  by  the 
fact  that  the  goats,  having  been  on  free  range,  had  not  yet  be- 
come acclimated  to  laboratory  conditions  and  stable  food.  On 
Nov.  1  two  of  the  animals  (G19  and  G21)  were  fed  daily  0.30  gm. 
of  cholesterol  in  capsules,  that  the  effect  of  this  substance  on  the 
cholesterol  content  of  the  blood  might  be  studied.  The  extra- 
ordinary digestive  powers  of  the  goat  which  cause  this  animal  to 
thrive  on  the  most  indigestible  articles  seemed  to  justify  the  ap- 
prehension that  the  cholesterol  might  be  eliminated  without  any 
apparent  effect.  However,  as  may  be  noted  from  Fig.  2,  anxiety 
on  this  point  proved  without  foundation,  for  whereas  two  of  the 
controls  (G16  and  026)  did  not  make  up  the  deficit  in  their  choles- 
terol value,  and  the  other  two  (G17  and  G20)  exceeded  their  orig- 
inal percentage  by  a  small  margin  only  (0.006-0.018),  the  two 
cholesterol-fed  animals  (G19  and  G21)  gained  0.90  per  cent;  that 
is,  the  cholesterol  content  of  the  blood  increased  by  0.090  and 
0.062  mg.  respectively,  as  compared  with  the  original  values. 
Therefore,  from  Fig.  2,  the  following  conclusions  may  be  drawn. 

1.  The  cholesterol  content  can  be  increased  in  the  blood  of 
goats  by  cholesterol  feeding. 

2.  Parasitic  infection  (mange)  apparently  decreases  the  choles- 
terol value  of  the  blood.  This  deduction  has  been  justified  by 
l^ter  observations  during  a  recurrence  of  mange  after  the  animals 
ix^d  become  thoroughly  acclimated  to  laboratory  conditions  and 
'^ere  steadily  putting  on  weight.  The  fact  may  perhaps  be  ex- 
t^lained  as  the  result  of  an  effort  on  the  part  of  the  organism  to 
Combat  the  infection. 
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Fici.  2.  Cholpwtprol  values  for  Period  I,    Goat  16,  °°  ";  Goat  17, 

Goat  19, ;  Goat  :!0, ;  Goat  21, ;  Goat  2fi,  

Note  the  drop  in  the  values  for  all  of  the  goals  during  infcctiou  (mange 
and  the  incrcuao  in  the  values  for  Goata  10  and  21  on  cholesterol  fcediDg. 


Second  Period. — During  the  second  period  observations  wer^^^ 
made  on  the  effect  of  cholesterol  feeding  alone,  of   Roentgen^^ 
treatment  alone,  and  of  Roentgen  treatment  combined  with  cho — "^ 
lesterol  feeding,  the  six   goats  being  divided  into  three  corre- 
sponding groups;  viz.,  G19  and  G21  (Group  A)  continued  to  get 
0.30  gm.  of  cholesterol  daily  in  capsules;  G16  and  G26  (Group  B) 
diffuse  Koentgen  treatment  (diaphragm  wide  open)  consisting  of 
a  12.5  millianipcre  per  minute  dose  daily  for  7  days  (2.5  milli- 
amperes  at  a  distance  of  24  inches  from  the  tube,  exposure  5 
minutes)  followed  by  7  days'  rest;  G17  and  G20  (Group  C)  were 
given  the  same  Roentgen  treatment  but  received  in  addition  0.30 
gm.  of  cholesterol  daily  without  interruption  (Figs.  3a,  3b,  and  3c). 
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Fia.  3  a.  Cholealerol   values  for  Group  A,  Period  II.    The  cITcct  of 
;holeBtero)  feeding  and  mange.    Goat  IS, ;  Goat  21, — . 
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Fia.  3  b.  Cbolcstcrol  values  for  Group  B,   Period  II.    The  efiFect  of 

Roentgen  ray  trcolment  and  maoge.     Goat  16,  °  °  °;  Goat  26    X 

indicates  KucnlRcn  rny  t retttmetit. 
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Fio.  3  c.  Cholesterol  valuea  for  Group  C,  Period  II.    The  effect  of 
Koeotgen  rfty  treatment  and  choleHterol  feeding  combined  (in  the  values 

for  Goat  17,  the  additional  influence  of  pregnancy).    Goat  17, ; 

Goat  28,  —  —  — .    X  indicates  Roentgen  ray  treatment. 
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The  interpretation  of  the  results  obtained  during  this  period 
is  extremely  difficult  owing  to  the  number  of  intercurrent  factors, 
the  effect  of  which  on  the  cholesterol  content  of  the  blood  can  be 
merely  guessed,  since  at  present  data  for  comparison  are  not 
available  and  can  be  obtained  only  by  further  investigations.  On 
the  other  hand,  the  conclusion  which  seemed  warranted  by  my 
observations  during  the  first  period,  viz.,  the  increase  of  the  cho- 
lesterol value  by  cholesterol  feeding  and  the  decrease  of  the  cho- 
lesterol value  by  mange,  appear  to  be  porroborated. 

Thus,  G19  (Group  A),  which  already  had  the  highest  choles- 
terol values  during  the  previous  period,  will  again  be  found  to 
have  higher  values  than  any  of  the  other  animals,  and  021,  which, 
although  it  had  responded  to  the  cholesterol  feeding  previously, 
had  done  so  to  a  lesser  degree,  again  shows  a  general  increase  in 
the  cholesterol  content  of  its  blood,  less  marked  than  the  increase 
foimd  in  the  other  animal  of  the  same  group.  Closer  examina- 
tion of  the  curves  in  Figs.  3a,  3b,  and  3c  reveals  the  influence  of 
the  intercurrent  factors  referred  to  above.  Thus,  in  the  case  of 
019,  a  severe  recurrence  of  mange  on  the  shoulder  explains  the 
drop  of  the  cholesterol  value  on  Nov.  22.  It  will  be  seen  that 
the  value  went  up  with  the  disappearance  of  the  mange.  More- 
over, the  cholesterol  dropped  again  during  the  following  weeks,  a 
decrease  that  may  be  partly  accounted  for  by  another  recurrence 
of  the  mange.  All  the  goats  except  016  and  G20  were  affected. 
In  the  case  of  019,  another  factor  which  undoubtedly  influenced 
the  cholesterol  content  from  Dec.  13  onward  must  be  considered; 
viz.,  the  formation  of  a  cyst-like  swelling  which  had  become  large 
enough  to  be  noticeable  on  Dec.  30.  This  swelling  was  located 
near  the  right  nostril,  extended  over  the  upper  lip,  and  measured 
about  2  cm.  in  diameter.  Slight  fluctuation  was  present  at  first, 
suggesting  that  it  might  be  an  abscess.  The  fluctuation  then 
disappeared,  and  the  swelling  assumed  a  tumor-like  aspect.  To 
ascertain  the  exact  nature  of  the  tumor,  it  was  lanced  on  Jan.  17, 
and  found  to  contain  pus.  A  small  quantity  (1.2  gm.)  of  the  pus 
was  taken  for  chemical  analysis,  and  the  remainder  left  to  be  re- 
absoi  bed  by  the  animal.  A  test  of  the  pus  for  cholesterol  showed 
the  cholesterol  value  to  be  ten  times  that  of  the  blood  and  seemed 
to  warrant  the  assumption  that  the  abscess  was  a  **  deposit"  for 
the  increasing  surplus  cholesterol  in  the  blood.     This  supposition 
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appeared  to  be  corroborated  by  the  increase  of  the  cholesterol  value 
in  the  blood  during  the  following  weeks,  when  the  remainder  of 
the  abscess  was  being  slowly  reabsorbed.  Several  tests  made 
with  pus  from  patients  did  not  give  any  higher  cholesterol  values 
than  are  usually  found  in  the  blood  under  conditions  of  slight 
inflammation.  The  fluctuations  in  the  cholesterol  value  of  the 
blood  of  G21  would  appear  to  be  due  to  the  appearance  and  dis- 
appearance of  mange. 

For  the  changes  in  the  cholesterol  values  observed  in  all  of  the 
animals  between  Feb.  1  and  21,  no  apparent  reason  can  be  found 
unless  extreme  changes  in  the  temperature  (days  on  which  the 
thermometer  registered  25-40°  below  zero,  alternating  with  days 
of  warm  spring-like  weather)  are  to  be  taken  into  account.^  It 
is  quite  conceivable  that  similar  extremes  of  heat  and  cold  cannot 
be  without  effect  on  general  metabolism. 

The  result  of  the  Roentgen  treatment  (Group  B)  is  not  suffi- 
ciently striking  to  permit  of  any  definite  conclusions.  The  fact  that 
&  slight  drop  in  the  cholesterol  value  occurs  in  several  instances 
toward  the  end  of  the  second  period  after  a  week  of  Roentgen 
treatment  (Jan.  24  to  Feb.  21,  016,  017,  G20,  and  026),  and  is 
followed  by  a  slight  increase  after  a  week  of  rest,  suggesta  the  pos- 
sibility that  the  Roentgen  ray  may  have  a  depressing  effect  on 
the  cholesterol  value  in  the  blood.  Similar  changes  were  foimd 
to  occur  during  the  third  period.  The  present  data  are  still  too 
meager  to  furnish  any  conclusive  evidence  although  they  appear 
to  be  in  accordance  with  Soper's  (25)  observations  on  the  effect 
of  mesothorium  rays  on  the  cholesterol  value  in  the  blood  of  rab- 
bits. Soper  reports  a  decrease  of  the  cholesterol  content  in  his 
animals  after  mesothorium  treatment,  but  considers  it  too  slight 
to  be  significant  since  it  was  not  corroborated  by  histologic 
changes  in  the  spleen.  The  short  duration  of  his  experiment  (9 
to  1 1  days)  and  the  fact  that  several  organs  play  a  part  in  the 
regulation  of  cholesterol  metabolism  might  explain  his  results. 
If,  however,  the  reduction  of  the  cholesterol  content  by  Roentgen 
rays  should  become  more  marked  in  the  course  of  my  experiments 
or  be  confirmed  by  independent  studies,  it  might  furnish  valuable 

*  Though  the  animals  were  kept  in  stalls,  wanned  by  the  central  heat- 
ing syotem,  there  was  an  outside  run  in  which  they  spent  a  great  part  of 
the  day,  apparently  by  preference. 
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information  concerning  the  beneficial  effect  of  the  Roentgen  rays 
on  malignant  conditions,  since  the  stimulating  effect  of  choles- 
terol on  cell  proliferation  demonstrated  experimentally,  and  the 
high  cholesterol  values  found  in  the-blood  of  a  number  of  cancer 
patients,  seem  to  indicate  that  there  may  be  a  close  connection 
between  disturbances  of  cholesterol  metabolism  and  malignant 
growth. 

The  possible  effect  of  extreme  and  sudden  changes  of  temper- 
ature on  the  cholesterol  content  of  the  blood  has  been  mentioned 
in  the  discussion  of  Group  A. 

In  Group  B,  the  influence  of  mange  on  the  cholesterol  values 
is  but  faintly  indicated.  G26  alone  had  a  slight  recurrence,  and 
it  is  difficult  to  decide  whether  the  drop  from  0.160  to  0.150  per 
cent  (Dec.  13  to  20)  is  to  be  attributed  to  the  disease  or  to  the 
Roentgen  treatment.  On  Jan.  10  G16  developed  about  half  a 
dozen  small  abscesses  in  the  inguinal  region,  none  of  which  were 
larger  than  a  pea.  These  abscesses  cleared  up  without  treat- 
ment and  on  Feb.  7  had  completely  disappeared.'  As  the  postules 
were  too  small  to  permit  the  taking  of  any  pus  for  chemical  analy- 
sis, it  is  impossible  to  say  whether  their  reabsorption  could  have 
caused  the  changes  found  in  the  cholesterol  value  on  Jan.  10  and 
17,  or  were  in  any  way  comparable  to  the  abscess  on  the  nose  of 
G19. 

By  combining  Roentgen  treatment  with  cholesterol  feeding 
(Group  C)  I  hoped  to  ascertain  which  of  the  two  forms  of  treat- 
ment exerted  the  greater  influence  on  the  cholesterol  content  of 
the  blood.  The  time  allowed  for  this  part  of  the  experiment,  4 
months,  seemed  amply  sufficient  to  warrant  definite  results. 
However,  the  cholesterol  values  registered  do  not  furnish  conclu- 
sive data,  although  they  suggest  that  Roentgen  treatment  and 
cholesterol  feeding  may  have  neutralized  each  other;  subsequent 
investigations  will  have  to  settle  this  point.  In  regard  to  para- 
sitic infection,  a  slight  recurrence  of  mange  (G17,  Dec.  13  to  20) 
appears  to  corroborate  my  previous  findings,  but  another  factor 
will  also  have  to  be  considered,  viz.,  the  influence  of  pregnancy 
in  combination  with  Roentgen  treatment  and  cholesterol  feeding. 
This  will  be  discussed  briefly  in  connection  with  the  third  period. 

Summarizing  briefly  the  foregoing: 

1.  The  increase  in  the  cholesterol  value  of  the  blood  resulting 
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from  cholesterol  feeding  and  the  decrease  resulting  from  mange 
observed  in  the  first  period  has  been  confirmed  by  the  findings 
in  the  second  period. 

2.  The  effect  of  the  Roentgen  rays  cannot  yet  be  determined 
cdefinitely  owing  to  the  influence  of  intercurrent  factors;  the  re- 
sults suggest  the  possibility  of  a  decrease  of  cholesterol  values  in 
't;he  blood  due  to  Roentgen  treatment. 

3.  The  effect  of  combined  Roentgen  treatment  and  cholesterol 
:f  eeding  suggests  that  these  factors  may  neutralize  each  other,  but 
the  influence  of  intercurrent  factors  makes  definite  conclusions 
premature,  and  emphasizes  the  need  of  further  investigations. 

Third  Period. — During  this  period  the  effect  of  castration  was 
studied  as  an  additional  factor.  The  measure  was  suggested  by 
the  influence  on  mahgnant  conditions  of  the  "cancer  age,"  viz., 
the  age  at  which  reproductive  activity  decreases.  It  will  be 
remembered  that  the  principal  aim  of  the  experiment  was  the 
reproduction  of  malignant  proliferation.  One  goat  of  each  one  of 
the  three  groups  referred  to  in  the  discussion  of  the  second  period 
was  castrated.  Thus,  in  Group  A  (cholesterol  feeding  alone) 
G19  was  castrated,  and  both  goats  belonging  to  this  group  con- 
tinued to  be  fed  0.30  gm.  of  cholesterol  daily;  in  Group  B  G16  was 
castrated,  and  both  animals  belonging  to  this  group  (G16  and 
G26)  continued  to  be  treated  with  the  same  doses  of  Roentgen 
rays;  in  Group  C  the  male  (G20)  was  castrated,  and  the  com- 
bina  ion  of  Roentgen  treatment  and  cho.esterol  feeding  was 
continued  as  before. 

In  order  to  verify  previous  observations  on  the  changes  in  the 
cholesterol  content  caused  by  anesthesia,  samples  of  the  blood 
were  taken  from  10  to  15  minutes  after  the  goats  had  been  given 
}  grain  of  morphine,  before  the  administration  of  the  anesthetic, 
and  again  on  completion  of  the  operation  when  the  animal  was 
still  in  narcosis.  In  every  instance  there  was  a  decrease  in  the 
cholesterol  content  below  the  value  obtained  before  the  anesthetic 
was  given  and  similar  to  the  decrease  observed  in  dogs  (Fig.  4). 
An  additional  test  was  made  with  the  blood  of  G16,  taken  5  min- 
utes after  the  beginning  of  anesthesia  (the  animal  being  com- 
pletely imconscious)  and  demonstrated  the  fact,  observed  also 
in  experiments  on  dogs,  that  anesthesia  is  at  first  accompanied 
by  an  increase  of  the  cholesterol  content,  but  that  lower  values 


Cholesterol  Content  of  Blood 

i        i        i        i        i        i 


Pia.  4.  The  effect  of  aneatbeaia  on  cholesterol  valuea.    Goat  16,  ' 
Goat  19, ;  Goat  20, . 


occur  after  the  anesthetic  has  been  given  for  some  time.  The 
length  of  this  period  appears  to  vary  in  different  animals.  Ex- 
periments on  the  effect  of  anesthesia  on  the  cholesterol  content 
of  the  blood  are  still  in  progress.  The  influence  of  the  operative 
procedure  itself  need  not  be  taken  into  consideration,  since  in  our 
experiments  on  doga  the  above  results  were  obtained  by  means  of 
the  anesthetic  alone. 

The  effect  of  castration  is  illustrated  in  Figs.  5a,  5b,  and  5c. 
In  Groups  A  and  B  increase  of  the  cholesterol  content  following 
castration  may  be  observed  by  comparing  the  values  of  the  cas- 
trated and  the  non-castrated  animal.  In  Group  C  the  difference 
is  less  marked  as  the  intercurrent  factor  of  pregnancy  in  the  ani- 
mal intended  for  a  control  {G17)  is  likely  to  have  increased  the 
cholesterol  values. 


During  the  third  period  (Figs.  5a,  5b,  and  5c)  the  highest  cho- 
lesterol values  of  all  were  found  in  the  blood  of  Gl9  (cholesterol- 
fed  and  castrated),  the  lowest  values  were  found  in  the  blood  of 
G26  (no  castration,  Roentgen  treatment  only),  while  intermediate 
■values  could  be  observed  in  the  blood  of  Gl6  (Roentgen  treat- 
ment and  castration). 

It  is  further  interesting  to  note  that  althoi^  the  cholesterol 
-value  of  G 19  dropped  as  low  as  that  of  G20  (0.186  per  cent)  after 
.^uiesthesia,  the  animal  receiving  cholesterol  only  went  up  to  0.330 
X)cr  cent  during  the  week  following  operation,  whereas  G20  which 
received  cholesterol  in  combination  with  Roentgen  treatment 
-went  down  to  0.130  per  cent. 
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Fio.  Sa.  Cholesterol  values  for  Group  A,  Period  III.  The  eSect  of 
cboleaterol  feeding  (Goat  21,  —  —  — )  and  of  choleatcrol  feeding  and 
eutntion  (Coat  19, ). 
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Fio.  5  b.  Cholesterol  values  for  Group  B,  Period  III.    The  effect  oiJ 

Roentgen  ray  treatment  (Goat  26,  )  and  of  Roentgen  ray  treatmen'' 

and  castration  (Goat  16,  °  "  °).    X  indicates  Roentfcen  ray  tre&tnMnt. 
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,  S  c.  Cholesterol  vnlucs  for  Group  C,  Period  III.  The  effect  of 
»ro1  feeding,  Roentgen  ray  treatment  and  pregnancy  (Go&t  17, 
— )  and  of  cholesterol  feeding,  Roentgen  ray  treatment  and  castra- 
iJoat  20,  —  —   — ).     X  indicaleH  Roentgen  ray  treatment. 
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These  observations  seem  to  suggest  that  castration  and  choles- 
terol feeding  both  tend  to  increase  the  cholesterol  content  of  the 
bloody  but  that  the  Roentgen  rays^  as  has  already  been  suggested, 
appear  to  have  a  depressing  influence  on  the  cholesterol  values, 
the  latter  deduction  being  corroborated  by  the  alternating  effect 
of  the  week  of  Roentgen  treatment  (decrease)  and  the  week  of 
rest  (increase)  which  became  more  marked  during  this  period. 

The  fact  that  G26,  receiving  Roentgen  treatment  alone  and 
having  the  lowest  cholesterol  value  of  all^  appears  to  be  slowly 
increasing  his  cholesterol  percentage  may  perhaps  be  explained 
as  follows.  It  is  well  known  that  the  reproductive  cells  in  the 
sex  glands  are  particularly  sensitive  to  the  Roentgen  rays  and  that 
animals  can  be  castrated  by  Roentgen  treatment  alone.  Pro- 
longed exposure  to  the  rays,  even  when  extremely  small  doses 
are  used,  may  therefore  result  in  permanent  injury,  if  not  in  the 
destruction  of  the  reproductive  cells. 

It  is  possible  that  the  total  number  of  Roentgen  ray  imits 
(approximately  150  milliampere  minutes  of  diffuse  treatment,  wide 
open  diaphragm)  which  G26  received  in  5  months,  may  have 
sufficed  to  produce  changes  in  the  sex  glands  of  the  animal,  and 
that  the  increase  of  the  cholesterol  values  foimd  in  its  blood  are 
the  first  indication  of  these  histologic  changes.  However,  micro- 
scopic examination  of  the  tissues  will  have  to  furnish  conclusive 
evidence  on  this  point. 

The  sudden  drop  observed  in  the  cholesterol  percentage  of  G16 
on  March  27  (from  0.302  to  0.216  per  cent)  may  have  been  due 
to  the  effect  of  the  Roentgen  treatment  during  the  week  preced- 
ing this  entry.  However,  as  the  animal  had  been  lying  down  a 
good  deal,  appeared  listless,  and  had  been  feeding  badly  for  3 
days,  the  influence  of  a  slight  ailment  followed  by  spontaneous 
and  complete  recovery  must  also  be  considered,  especially  as  the 
cholesterol  values  remained  constant  during  the  following  weeks. 

A  recent  publication  by  Loewenthal  (19)  on  the  effect  of  cas- 
tration on  the  blood  of  rabbits  appears  to  corroborate  my  findings 
as  regards  the  increase  of  the  cholesterol  content  in  the  blood  of 
goats. 

The  effect  of  pregnancy  on  the  cholesterol  values  in  women  has 
been  studied  by  Neumann  and  Herrmann  (26),  Aschoff  (3),  and 
Autenrieth  and  Funk  (27);  they  report  that  an  increase  can  be 
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demonstrated  at  the  beginning  of  the  5th  month.  Bacmeister 
and  Havers  (2)  observed  a  similar  change  in  the  bile  of  pregnant 
bitches.  As  far  as  could  be  ascertained  no  other  data  have  been 
published  on  the  subject. 

In  my  experiment  the  changes  found  in  the  blood  of  G17  dur- 
ing pregnancy  are  difficult  to  account  for,  because  of  additional 
factors  (i.e.,  cholesterol  feeding,  Roentgen  treatment).  On  the 
whole,  the  values  seem  to  be  sUghtly  higher.  That  the  increase 
is  not  more  pronounced  may  be^ue  to  the  Roentgen  treatment, 
to  which  the  organism  might  be  particularly  sensitive  during 
pregnancy.  As  in  other  instances  my  observations  on  this  point 
will  have  to  be  verified  by  future  experiments. 

In  the  light  of  recent  studies  on  the  stimulation  of  cell  division 
by  cholesterol,  the  influence  of  pregnancy  and  of  castration  on  the 
cholesterol  content  of  the  blood  would  seem  to  be  significant;  in 
pregnancy  the  increase  of  the  cholesterol  values  might  be  inter- 
preted as  a  physiologic  measure  calculated  to  stimulate  cell 
division  in  the  embryo,  while  in  castration  elimination  of  the  re- 
productive organs  (in  wljich  cell  proliferation  is  more  constant 
than  in  any  other  part  of  the  body)  might  be  expected  to  result  in 
a  surplus  of  imused  cholesterol. 

The  results  indicated  by  my  observations  during  the  tMrd 
period  may  be  summarized  as  follows: 

1.  Anesthesia  appears  to  reduce  the  cholesterol  content  of  the 
blood. 

2.  Castration  tends  to  increase  the  cholesterol  values;  the  in- 
crease of  body  fat  observed  in  castrates  and  the  fact  that  choles- 
terol is  stored  in  the  body  fat  are  in  accordance  with  the  apparent 
effect  of  castration. 

3.  The  highest  cholesterol  values  were  found  in  the  castrated 
and  cholesterol-fed  goat,  the  lowest  values  in  the  animal  that  had 
not  been  castrated  and  had  received  diffuse  Roentgen  treatment 
only,  while  intermediate  values  occurred  in  the  animal  that  had 
been  castrated  and  treated  with  Roentgen  rays.  These  facts 
seem  to  support  the  assumption  that  castration  increases  and 
Roentgen  treatment  tends  to  reduce  the  cholesterol  content  of  the 
blood. 

4.  The  slight  but  steady  increase  of  cholesterol  found  in  the 
blood  of  the  goat  which  received  diffuse  Roentgen  treatment 
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alone  recalls  the  fact  that  the  Roentgen  rays  may  destroy  th. 
reproductive  cells  to  an  extent  equalling  castration,  and  si 
that  the  increase  itself  may  be  due  to  the  destruction  of  the 
productive  cells  in  this  animal.     The  observation  will  have  to 
corroborated  by  microscopic  findings. 

5.  The  influence  of  pregnancy  on  the  cholesterol  content  of 
blood,  though  indicated,  is  not  sufllciently  marked  to  permit  del 
nite  conclusions.     Whereas  in  the  other  goats  cholesterol  U 
ing  and  Roentgen  treatment  appeared  to  neutralize  each  othei 
it  is  possible  that  pregnancy  rendered  this  animal  more  sensitr 
to  the  effect  of  the  rays  and  that  the  latter  factor  preponderate    ^    ^^ 
and  counteracted  the  influence  of  pregnancy.    Future  observe 
tions  alone  can  furnish  conclusive  data. 

Technical  Details  Concerning  the  Chemical  Analysis  of  the  B 

for  Cholesterol. 

The  original  Autenrieth-Funk  (27)  method  was  used  at  first 
to  determine  the  cholesterol  values  of  the  blood  in  my  experi- 
ments. Towards  the  middle  of  the  second  period  parallel  tests 
were  made  by  Autenrieth's  method  and  Bloor's  (24)  modification 
thereof,  which  was  published  at  the  time.  Latterly  Bloor's  first 
modification  has  been  used  exclusively  as  it  is  much  more  simple 
and  in  many  cases  appears  to  give  more  accurate  results.  Bloor's 
(28)  second  modification  has  not  been  used;  the  omission  of  sapon- 
ification in  the  latter  method  gives  somewhat  higher  values,  and 
it  was  thought  advisable  to  retain  one  standard  in  this  series  of 
experiments. 

The  fault  of  Autcnrcith's  method  to  which  Bloor  has  called 
attention,  the  occurrence  of  a  brownish  tint  in  the  reaction,  mak- 
ing colorimctric  comparison  difllcult,  though  also  observed  by 
me  in  samples  of  pathologic  human  blood,  has  not  given  me  any 
trouble  in  the  tests  made  with  goat's  blood.  In  the  latter  in- 
stances both  methods  gave  identical  values  with  only  a  few  ex- 
ceptions; when  a  difference  occurred  it  never  exceeded  0.025  per 
cent  and  the  average  values  of  a  great  number  of  readings  by  both 
methods  have  been  recorded  in  the  table  (second  period,  Jan^  17 
to  Feb.  1). 

The  test  for  cholesterol  is  based  on  a  specific  color  reaction; 
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on  addition  of  acetic  acid  anhydride  and  sulfuric  acid  the  color- 
less chloroform  extract  of  the  blood  assumes  a  green  tone,  vary- 
ing in  intensity  according  to  the  amoimt  of  cholesterol  present  in 
the  blood.  The  time  required  for  the  reaction,  viz.,  till  the  max- 
imum color  intensity  is  reached,  in  any  test  is  15  minutes,  accord- 
ing to  Autenrieth  and  Funk  (27),  and  Bloor  (24),  the  reagents 
being  left  in  the  dark  at  a  constant  temperature  of  35-37°C.  dur- 
ing that  time.  In  the  course  of  my  investigations  the  following 
observations  led  me  to  modify  the  factors  of  time  and  tempera- 
ture. 

I  found  that  the  rapidity  of  the  reaction  varied  considerably  in 
different  blood  samples,^  the  maximum  color  value  being  reached 
much  more  quickly  in  one  specimen  of  blood  than  in  another  un- 
der parallel  conditions.  As  the  exact  chemical  nature  of  the 
process  by  which  the  color  reaction  is  caused  is  not  known,  the 
assumption  seems  warrantable  that  the  presence  of  other  chem- 
ical substances  besides  cholesterol  may  retard  or  accelerate  the 
reaction.  Every  precaution  has  been  taken  to  prevent  recogniz- 
able factors  (impurity  of  reagents,  difference  in  temperature) 
from  playing  a  part  in  the  occurrence  of  these  variations.  To 
obtain  data  as  accurate  as  possible  by  taking  the  occurrence  of 
these  variations  into  accoimt,  I  have  adopted  the  following  pro- 
cedure. 

The  test  is  left  in  the  dark*  at  room  temperature  for  5  min- 
utes only,  after  which  it  remains  exposed  to  the  light,  and 
readings  with  the  Autenrieth- Hellige  colorimeter  (control  of  the 
instrument  with  tests  containing  pure  cholesterol)  are  made  at 
intervals  of  2  minutes  until  the  maximum  color  intensity  is  reach- 
ed. In  some  cases  the  maximum  value  was  found  after  two  read- 
ings, in  others  after  ten  to  thirty  readings;  it  remains  constant  for 
10  minutes  in  some  and  for  as  long  as  20  minutes  in  others,  after 
which  the  color  begins  to  fade,  giving  lower  values.     It  is  obvious 

'  I  tested  over  400  different  blood  samples  during  the  last  6  months, 
the  cholesterol  value  being  determined  in  normal  human  blood,  in  hum- 
an blood  under  various  pathological  conditions,  and  in  the  blood  of  several 
species  of  experimental  animals  (dogs,  goats,  spcrmophiles) .  An  aver- 
age of  ten  readings  was  made  for  each  test,  resulting  in  a  total  of  4,000 
readings. 

*  I  have  found  an  ordinary  microscope  case  very  serviceable  as  a  "dark 
cupboard." 
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that  a  test  which  reaches  its  maximum  value  after  two  readings 
or  4  minutes,  and  in  which  the  maximum  remains  constant  for  8 
minutes  only,  will  already  have  begun  to  fade  when  the  first  read- 
ing is  made  after  15  minutes,  and  that,  therefore,  the  value  ob- 
tained will  be  lower  than  would  be  warranted  by  the  amount  of 
cholesterol  present  in  the  blood.  When  the  reaction  is  of  the 
rapid  type  described  above,  it  is  advisable  to  make  two,  three, 
or  even  four  tests  with  different  portions  of  the  same  extract;  the 
same  maximum  value  will  be  constant  for  the  same  length  of  time 
in  these  different  portions,  and  the  figures  recorded  in  the  tables 
will  represent  maximum  values  which  remained  constant  for  at 
least  four  consecutive  readings  at  2  minute  intervals  each. 

Another  observation  which  caused  me  to  adopt  the  above 
technique  was  that  some  tests  assume  a  decidedly  yellow-green 
tint  (not  the  brown  tone  referred  to  by  Bloor)  when  left  in  the 
dark  longer  than  5  minutes.  This  tint  differs  materially  from 
the  emerald  green  of  the  pure  cholesterol  reaction  and  makes 
accurate  colorimetric  reading  difficult.  I  noticed,  however,  t^iat 
the  exact  shade  required  for  matching  the  control  color  (either 
pure  cholesterol  or  the  fluid  of  the  Autenrieth-Hellige  colorimeter) 
can  be  obtained  by  exposing  yellowish  tests  to  strong  daylight 
(near  a  window);  whereas  tests  that  are  shghtly  too  blue-green 
can  be  corrected  by  putting  them  in  the  dark  for  a  couple  of 
minutes.     The  actual  values  are  not  affected  by  the  change  of  tint. 

DISCUSSION. 

Although  the  data  furnished  by  the  observations  reported  in 
this  paper  are  by  no  means  conclusive,  they  seem  to  suggest 
problems  worth  studying,  viz.,  the  effect  of  Roentgen  rays  on 
the  cholesterol  content  of  the  blood  in  relation  to  malignant 
conditions,  the  influence  of  the  organs  of  reproduction  on  choles- 
terol metabolism,  and  the  effect  of  bacterial  Or  parasitic  in- 
fection. The  fact  that  the  primary  object  of  my  experiment 
was  the  study  of  possible  factors  in  malignancy  rather  than  the 
study  of  cholesterol  values  for  themselves,  will,  I  think,  suffi- 
ciently explain  the  indeterminate  nature  of  most  of  my  deduc- 
tions. It  must  be  remembered  also  that  the  animals  used  for  the 
experiment  were  young,  healthy,  and  of  a  species  endowed  with 
a  remarkable  power  of  resistance  and  recuperation,  having  many 
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:Kaieans  of  safety  at  their  disposal  in  the  organs  that  regulate 

^cholesterol  metabolism.    The  adequacy  of  these  organs^  more- 

ver,  is  boimd  to  remain  an  unknown  quantity  in  every  animal 

long  as  the  animal  is  alive.    Since,  comparatively  speaking,  the 

^;udy  of  cholesterol  metabolism  is  a  new  field  of  investigation, 

<iata  for  comparison  are  scarce,  if  they  are  not  entirely  lacking, 

•&S  is  the  case  in  experimental  work  of  this  kind  done  on  goats. 

However,  although  my  experiment  is  still  in  progress,  some  of 

the  results  obtained  so  far  by  measures  calculated  to  disturb 

iJie  cholesterol  balance  seem  to  be  encouraging,  and  I  hope  to 

publish  these  shortly. 

SUMMABY. 

• 

1.  The  average  normal  cholesterol  content  of  the  blood  in 
goats,  though  not  definitely  established,  appears  to  be  from 
0, 186  to  0.216  per  cent. 

2.  The  cholesterol  content  of  the  blood  can  be  increased  by 
^^bolesterol  feeding. 

3.  Diffuse  Roentgen  treatment  appears  to  lower  the  cholesterol 
^^ontent  of  the  blood,  but  conclusive  evidence  will  have  to  be 
^Ximished  by  future  experiments.  The  beneficial  effect  of  Roent- 
gen treatment  in  malignant  conditions,  the  increase  of  the  choles- 
terol content  observed  in  the  blood  of  patients  suffering  from 
^:inalignant  disease,  and  the  stimulation  of  cell  division  by  choles- 
terol demonstrated  by  recent  experiments,  suggest  that  the 
^tudy  of  the  influence  of  the  Roentgen  rays  on  the  cholesterol 
^:2ontent  of  the  blood  may  be  of  considerable  value. 

4.  Castration  tends  to  increase  the  cholesterol  values,  which 
^nay  explain  the  increase  of  body  fat  found  in  castrates  and  after 
^he  cessation  of  reproductive  activity,  since  the  storage  of  choles- 
^t;erol  in  the  body  fat  has  been  demonstrated. 

5.  The  increase  of  the  cholesterol  content  of  the  blood  in  preg- 
xiancy,  reported  by  others,  has  been  found  indicated  in  my  experi- 
xaent,  although  intercurrent  factors  forbade  definite  conclusions. 

6.  The  normal  process  of  growth  in  the  embryo  caused  by 
cell  proliferation  and  the  effect  of  cholesterol  on  cell  division 
referred  to  above  may  explain  the  increase  of  the  cholesterol 
content  of  the  blood  during  pregnancy. 
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THE  RELATION  OF  OXIDASE  REACTIONS  TO  CHANGES 
IN  HYDROGEN  ION  CONCENTRATION. 

By  GUILFORD  B.   REED. 
(From  the  Laboratory  of  Plant  Physiology,  Harvard  University,  Cambridge.) 

(Received  for  publication,  September  11.  1916.) 

Biological  oxidations  are  known  to  be  markedly  affected  by 
acids  and  alkalies.  Loeb  and  Wasteneys^  have  shown  that  when 
sufficient  HCl  to  give  a  hydrogen  ion  concentration  of  1  X  10"^ 
M  was  added  to  unfertilized  Arbacia  eggs  contained  in  a  balanced 
salt  solution  only  about  half  as  much  oxygen  was  absorbed  as 
was  absorbed  by  the  same  eggs  when  in. neutral  solution.  On 
the  other  hand,  when  sufficient  NaOH  was  added  to  give  a  hy- 
droxyl  ion  concentration  of  4.2  X  10~*m  the  rat€  of  oxygen  absorp- 
tion was  approximately  doubled;  and  when#the  hydroxyl  ion 
concentration  was  increased  to  8  X  10~*  two  and  three-fourths 
times  more  oxygen  was  absorbed  than  by  the  same  eggs  when 
in  neutral  solution.  Similar  results  have  been  obtained  in  other 
cases. 

It  is  a  natural  assumption  that  alkali  directly  influences  the 
rate  of  oxidation.  Several  investigators  have  indicated  that  the 
oxidases  are  affected  by  changes  in  the  acidity  of  the  solution 
in  which  they  act.  Bertrand*  found  that  laccase  from  Rhtis 
succedanea  acting  on  guaiacol  was  completely  inhibited  when 
sufficient  H2SO4  was  added  to  make  the  concentration  0.002  m. 
Abderhalden  and  Guggenheim'  found  that  tyrosinase  from  various 
sources  was  destroyed  by  0.01  m  HCl  and  its  action  considerably 
retarded  by  0.01  m  NaOH.  Wolff*  has  also  pointed  out  that 
tvrosinase  from  Russida  ddica  is  most  active  when  the  solution 
is  neutral  to  phenolphthalein. 

*  Loeb.  J.,  and  Wasteneys,  II.,  Biochem.  Z.,  1911,  xxxvii,  410. 

*  Bertrand,  O..  and  Muttermilch,  Compt.  rend.  Acad.,  1907,  cxliv,  1385. 
'Abderhalden,  E.,  and  Guggenheim,  M.,  Z.  physiol.  Chem.,  1907-08, 

Uv.  331. 

*  Wolflf,  J.,  Compt  rend.  Acad.,  1909,  cxlviii,  500. 
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In  the  experiments  just  mentioned  the  acidity  or  alkalinity 
was  determined  by  the  amount  of  standardized  acid  or  alkali 
added  to  definite  amounts  of  the  solution  containing  the  ferment, 
on  the  assumption  that  the  dilution  of  the  standardized  acid 
by  the  mixture  had  the  same  effect  as  an  equal  dilution  with  dis- 
tilled water. 

The  writer  finds  that  this  assumption  is  incorrect,  as  is  clearly 
shown  by  determinations  with  a  hydrogen  electrode.  The  fol- 
lowing example  illustrates  this. 

An  extract  of  potato  (prepared  by  mixing  equal  volumes 
of  grated  potato  and  distilled  water,  allowing  the  mixture  to 
stand  for  an  hour,  and  filtering)  was  added  to  an  equal  volume 
of  0.01  M  HCl.  Since  the  acid  was  diluted  to  twice  the  original 
volume  it  would  then  be  0.005  m  (Ch  =  5  X  10~^)  if  the  po- 
tato extract  acted  like  distilled  water.  The  hydrogen  electrode 
measurement,  however,  showed  the  concentration  to  be  only 
5  X  10"^.  The  presence  of  the  potato  has  therefore  reduced 
the  acidity  to  one-tenth,  although  the  extract  itself  is  very  nearly 
neutral.  This  effect  is  due  to  the  protein  present  in  the  solution 
as  well  as  the  presence  of  other  amphoteric  electrol>i;es,  includ- 
ing probably  phosphates  and  carbonates. 

In  view  of  this  observation  it  seemed  desirable  to  repeat  some 
of  the  earlier  experiments  to  determine  the  real  relation  of  the 
oxidases  to  acidity.  A  potato  extract,  prepared  by  grating  the 
tuber  with  an  equal  volume  of  wat^r  and  quickly  filtering,  was 
divided  into  several  portions  of  50  cc.  each.  These  were  placed 
in  beakers,  and  sufficient  HCl  or  NaOH  was  added  to  give  the 
hydrogen  ion  concentration  (as  measured  by  the  gas  chain)  shown 
in  the  first  column  of  Table  I.  These  were  then  exposed  at  room 
temperature  and  the  rate  of  oxidation  of  the  naturally  occurring 
chromogen  was  followed  by  observing  the  appearance  of  red  and 
finally  black  colors.  It  will  be  seen  from  the  table  that  a  hydrogen 
ion  concentration  of  5.5  X  10~^  was  sufficient  to  inhibit  the 
reaction  completely. 

Immediately  after  adding  the  acid  to  these  extracts  portions 
of  10  cc.  were  removed  and  1  cc.  of  2  per  cent  gum  guaiac  tincture 
was  added  to  each.  The  results  stated  in  the  last  column  of 
Table  I  indicate  that  the  same  concentrations  of  acid  which 
inhibited  its  reaction  with  the  chromogen  inhibit  also  the  ox- 
idation of  gum  guaiac. 
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TABLE  I. 

Fi  ion  concentration. 

Oxidation  of  chromogen. 

Oxidation  of  sum 

•              9           • 

12hra. 

24hni. 

guAiac,  5  min. 

1.5  X  10-3 

No  color. 

No  color. 

No  color. 

7.6  X  10-* 

t<           a 

it           it 

a         a 

5.5  X  10-* 

H                 it 

it          it 

n        a 

1.5  X  10-* 

Faint. 

Red. 

Blue. 

7.5  X  10-' 

Red. 

Black. 

Deep  blue. 

2      X  10-' 

Deep  red. 

a 

«        it 

1     X  io-»» 

Red. 

a 

ti       tt 

To  the  three  preparations,  the  oxidase  action  of  which  had 
been  inhibited  by  contact  with  the  acid  for  12  hours,  sufficient 
NaOH  was  added  to  neutraHze  to  phenolphthalein.  Portions 
of  10  cc.  were  then  removed  and  mixed  with  gum  guaiac,  and  the 
balance  was  exposed  for  another  12  hours.  From  the  results 
stated  in  Table  II  it  appears  that  the  highest  concentrations  of 
acid  destroyed  the  ferments,  since  neutralizing  failed  to  revive 
them;  the  concentrations  just  sufficient  to  inhibit  the  oxidations, 
however,  did  not  affect  them  irreversibly. 

T.\BLE  II. 


Expoeed  for  12  hn. 

Oxidation  after  neutralisation. 

H  ion  oonoentration. 

Chromoeen. 

Gum  guaiac. 

1.5  X  10-» 

7.6  X  10-* 
5.5  X  10-* 

No  color. 

Red. 
it 

No  color. 

Blue. 
it 

Table  III  shows  the  results  of  an  experiment  with  an  extract 
of  ripe  Astrachan  apples  (prepared  by  grating  the  fruit  with  an 
equal  volume  of  water  and  filtering).  The  extract  was  divided 
into  several  portions  of  50  cc.  each  and  sufficient  acid  or  alkali 
was  added  to  give  the  concentrations  stated  in  the  table  (measured 
by  the  gas  chain). 

These  results  show  that  the  concentrations  of  acid  which  are 
needed  to  inhibit  oxidases  are  much  lower  than  those  stated  by 
previous  investigators;  this  is  doubtless  due  to  their  faulty  methods 
of  measurement.     Bertrand   stated  0.002   m   to   be   the  lowest 
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TABLE  III. 


Oxidation. 

• 

H  ion  concentration. 

Chromocen. 

Gum  guaiac. 

12hr8. 

48hr8. 

1.6  X  10-3 

No  color. 

No  color. 

No  color. 

7.4  X  10-« 

ti     ti 

«     (( 

«      u 

3.8  X  10-* 

Faint. 

Faint. 

Blue. 

8      X  10-* 

Red. 

Red. 

Deep  blue. 

1.5  X  10-*^ 

« 

Red-brown. 

ti        tt 

1      X  10-" 

« 

(( 

n            u 

2      X  10-« 

<( 

(( 

u         •  n 

concentration  which  completely  inhibited  oxidases  and  Colin 
and  S^n^chal^  report  that  horse-radish  peroxidase  had  ver\^  little 
action  in  0.004  m  acid;  while  the  present  experiment  indicates 
that  0.0005  to  0,007  m  was  sufficient  to  prevent  the  action  of 
certain  oxidases.  It  is  therefore  evident  that  the  optimal  activity 
of  these  oxidases  is  reached  when  they  are  in  a  medium  which  is 
very  nearly  neutral  or  slightly  alkaline. 

On  this  basis  it  may  be  possible  to  explain  the  remarkable 
activation  of  oxidation  processes  by  the  addition  of  exceedingly 
small  amounts  of  alkali,  as  in  the  experiments  of  Loeb  and 
Wasteneys  on  Echinoderm  eggs.  It  is  conceivable  that  in  the 
unfertilized  eggs  the  hydrogen  ion  concentration  is  too  high  for 
the  rapid  operation  of  oxidases,  but  that  the  added  alkali  changes 
this  to  the  optimum  condition. 

All  the  ferments  which  have  been  investigated  in  this  respect 
exhibit  their  maximum  activity  at  a  definite  hydrogen  ion  con- 
centration, and  it  was  to  be  expected  that  the  oxidases  would 
behave  similarly.  Hudson^  regards  the  activity  of  invertase 
(which  behaves  as  an  amphoteric  electrolyte  and  hence  is  capable 
of  combining  with  acids  and  bases)  as  proportional  to  the  amount 
of  ferment  not  so  combined.  This  may  apply  to  other  ferments 
but  it  has  not  vet  been  shown  to  do  so. 


'  Colin,  H.,  and  S6n(;»chal;  A.,  Compt.  rend.  Acad.^  1911,  cliii,  76;  Rev. 
gen.  Bot.,  1912,  xxiv,  49. 

•  Hudson,  C.  S., ./.  Am.  Chem.  Soc.,  1910,  xxxii,  1220. 
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By  FREDERIC  FENGER. 

(Prom  the  Research  Laboratory  in  Organoiherapeuiica  of  Armour  and 

Company,  Chicago.) 

(Received  for  publication,  September  5,  1916.) 

This  investigation  was  carried  out  to  determine  the  amounts 
of  phosphatides  present  in  the  ductless  glands  and  the  relation 
of  the  results  to  the  functioning  of  these  glands.    Inasmuch  as 
the  work  was  of  a  preliminary  nature  no  attempts  were  made  to 
separate  or  isolate  the  groups  of  phosphatides  from  other  ex- 
tractive matters  such  as  fat.  .  Petroleum  ether  was  chosen  as  a 
general  solvent.    Ordinary  muscle  fiber  in  the  form  of  straight 
lean  meat  (chucks)  was  used  as  a  standard,  and  brain  tissue  and 
spinal  cord  were  employed  for  comparative  purposes  as  examples 
of  tissues  exceptionally  rich  in  phosphatides.    Cattle  glands  are 
especially  adapted  for  this  work  on  account  of  their  size  and 
comparative  freedom  from  adipose  tissue.    The  following  glands 
^were  used:  Pineal  gland  from  cattle;  pituitary  body,  anterior 
And  posterior  lobes  from  cattle,  and  for  comparative  purposes 
«iIso  the  anterior  lobe  from  young  calves;  thyroid  from  cattle; 
th3anus  from  young  growing  calves;  suprarenals  from  cattle; 
and  the  true  corpus  luteum  from  pregnant  cows.    The  thymus 
was  selected  from  young  calves  2  to  4  months  old,  the  early 
growth  period  during  which  this  gland  is  most  active. 

The  various  glands,  from  several  hundred  animals,  were  col- 
lected shortly  after  slaughtering  and  while  stiU  retaining  the 
animal  heat,  aad  were  carefuUy  trimmed.  In  the  case  of  the 
pituitary  body,  the  outside  capsule  was  discarded  and  the  ante- 
rior and  posterior  lobes  represent  glandular  tissue  only.  The 
corpora  lutea  were  obtained  by  sphtting  the  ovaries  and  removing 
the  soft  orange-colored  glandular  portion  of  the  corpus  luteum. 
The  suprarenals  also  were  skinned  so  that  the  portion  employed 
represents  the  medulla  and  cortex  only.    The  pineal  and  the 

303 


304  Phosphatides  in  Ductless  Glands 

thyroid-  were  both  trimmed  as  free  as  possible  from  all  adherent 
connective  and  fatty  tissues.  The  entire  brain  was  employed, 
the  outside  tissue  removed,  and  the  brain  washed  with  water 
until  free  from  blood.  The  spinal  cord  represents  the  entire 
spinal  marrow. 

The  various  lots  of  glands  and  tissues  were  finely  minced  and 
desiccated  in  vacuo  at  35-37°C.  to  constant  weight,  then  coarsely 
ground  and  extracted  with  petroleum  ether  in  a  Soxhlet  apparatus. 
After  extraction,  the  various  lots  of  petroleum  ether  containing 
the  soluble  portions  of  the  glands  were  filtered  and  the  solvent 
evaporated,  first  by  a  current  of  air  and  slight  heating  on  a  water 
bath  and  then  by  further  drying  in  vacuo  to  constant  weight. 
On  these  residues  the  total  P2O6  was  determined  and  the  equiva- 
lent amounts  of  lecithin  were  obtained  by  multiplying  the  P2O5 
figures  by  11.24.  These  lecithin  figures  do  not  necessarily  rep- 
resent the  actual  amounts  of  lipoids  present;  they  merely  ser\'e 
as  a  general  guide  for  the  present  investigation.  The  phosphorus 
was  determined  on  1  gm.  samples  by  boiling  with  2  cc.  of  con- 
centrated sulfuric  acid  and  several  small  portions  of  nitric  acid 
until  oxidation  was  complete.  The  digested  liquids  were  then 
diluted  with  water  and  the  phosphorus  was  determined  according 
to  the  official  volumetric  method. 

In  the  tabulation  will  be  found  the  loss  of  moisture  and  the 
percentage  of  petroleum  ether-soluble  substances  in  the  fresh 
glands  together  with  the  yield  of  desiccated  fat-free  material, 
also  the  phosphorus  in  the  extracted  residue  and  the  equivalent 
percentages  of  lecithin,  both  calculated  on  the  basis  of  the  residue 
and  the  fresh  tissue. 

The  most  striking  feature  of  the  tabulated  figures  is  the  fact 
that  thyroid  tissue  contains  no  more  phosphatides  than  ordinar}- 
muscle  fiber,  whereas  all  the  other  ductless  glands  show  much 
larger  amounts.  The  desiccated  thyroid  contained  0.41  per 
cent  of  iodine,  indicating  that  the  gland  was  e^jceedingly  active 
physiologically  and  contained  a  maximum  of  active  principles. 
This  sconis  to  be  convincing  evidence  that  the  lipoids  play  no 
important  part  in  the  internal  chemistry  of  the  thyroid. 

The  petroleum  ether-soluble  portion  of  the  muscle  fiber  as 
well  as  the  thyroid  consisted  principally  of  fat.  The  color  was 
light  yellowish  ])rowii  and  the  consistency  that  of  ordinary  beef 
fat. 
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The  infant  thymus  contained  about  three  times  as  much 
phosphatides  as  lean  meat  from  adult  animals  of  the  same  species. 
The  thjonus  fat  was  brownish  yellow  and  possessed  an  odor 
resembling  lecithin. 

The  anterior  lobe  of  the  pituitary  body  contained  approxi- 
mately ten  times  and  the  posterior  lobe  seven  times  as  much 
phosphatides  as  straight  lean  meat.  The  posterior  lobe  showed 
the  usual  amount  of  uterine-contracting  active  principle,  indi- 
cating normal  physiological  activity  of  the  gland.  The  isolated 
uterus  method  as  outlined  by  Roth*  was  employed  in  this  work. 
The  petroleum  ether-soluble  portion  of  this  gland,  both  anterior 
and  posterior  lobes,  resembled  brain  lecithin  in  consistency. 
The  color  was  light  yellowish  brown  and  the  odor  similar  to 
lecithin. 

The  pineal  body  shewed  about  thirteen  times  more  phosphatides 
than  did  muscle  tissue.  The  petroleum  ether-soluble  portion 
resembled  crude  lecithin  from  brain  tissue  both  in  consistency, 
color,  odor,  and  taste. 

The  corpus  luteum  of  pregnancy  was  also  rich  in  phosphatides, 
containing  fifteen  times  as  much  as  muscle  tissue.  The  petroleiun 
ether-soluble  portion  was  of  semisolid  pasty  consistency  and  red- 
dish brown  color,  and  possessed  a  strong  lecithin  odor. 

The  suprarenals  were  the  richest  in  phosphatides  of  all  the 
ductless  glands,  containing  seventeen  times  more  than  ordinary 
muscle  tissue.  The  petroleum  ether-soluble  portion  was  of  pasty 
or  waxy  consistency,  brownish  red  color,  and  pronounced  fecithin 
odor. 

The  epinephrin  content  was  determined  by  the  manganese 
dioxide  method  described  by  Seidell.*  The  desiccated  gland 
contained  0.9  per  cent  epinephrin,  which  means  full  ph3rsiological 
activity. 

There  was  very  little  difference  in  the  phosphorus  contents  of 
the  extracted  portions  from  brain  and  spinal  cord,  but  the  spinal 
cord  contained  almost  three  times  as  much  petroleum  ether- 
soluble  substance  as  the  brain.  The  soluble  portions  of  the 
brain  and  spinal  cord  were  both  of  waxy  consistency,  resembling 

»  Roth,  G.  B.,  Bull.  Hyg,  Lab.,  No.  100,  1914. 
«  Seidell,  A.,  /.  Biol.  Chem.,  1913,  xv,  197. 
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soft  paraffin^  of  light  yellowish  bro\*Ti  color,  and  characteristic 
lecithin  odor. 

There  are  no  conclusive  e\idences  that  the  pineal  body  and 
the  thjTims  contain  active  principles  of  physiological  significance. 
The  corpus  luteum  has  given  some  proof  of  phj'siological  impor- 
tance, but  no  active  principle  or  means  of  standardizing  the  prod- 
uct for  medicinal  purposes  have  yet  been  discovered  or  out- 
lined. In  the  pituitar>'  body,  the  thjToid,  and  the  suprarenals, 
however,  we  have  definite  means  of  judging  the  therapeutic 
activity  of  their  internal  secretions  and  it  is  from  these  glands 
that  the  present  conclusions  must  be  drawn.  The  analytical 
data  show  that  these  glands  contain  high  amounts  of  active  prin- 
ciples and  consequently  possess  full  ph^-siological  activity.  The 
pituitary  body  and  the  suprarenals  as  weU  as  the  pineal,  the 
th^-mus,  and  the  corpus  luteum  of  pregnancy  contain  consider- 
able amounts  of  phosphatides  in  excess  of  ordinar}'  muscle  tissue 
and  it  is  safe  to  assume,  therefore,  that  the  phosphatides  play 
some  part  in  the  internal  chemistry  of  all  the  ductless  glands, 
with  the  exception  of  the  thyroid. 

SUMMARY. 

The  pituitary  body  and  the  suprarenals,  as  well  as  the  pineal, 
the  infant  thymus  gland,  and  the  corpus  luteum  of  pregnancy 
contain  considerable  amounts  of  phosphatides  in  excess  of  ordi- 
nary muscle  tissue,  indicating  that  the  phosphatides  play  some 
part  in  the  internal  chemistry'  of  these  ductless  glands.  The 
thyroid  does  not  contain  any  more  phosphatides  than  straight 
lean  meat  and  it  may,  therefore,  be  assmned  that  this  gland 
performs  its  secretory  functions  independent  of  the  phosphatides. 


NUTRITION  AND  EVOLUTION. 

SECOND    NOTE. 

By  JACQUES  LOEB  and  J.  H.  NORTHROP. 
{Prom  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,) 

(Received  for  publication,  September  9,  1916.) 

In  a  former  paper  Loeb'  raised  the  question  whether  or  not  the 
evolution  of  animals  as  high  in  the  scale  of  life  as  insects  was 
possible  without  the  existence  of  green  plants.  It  is  generally 
issumed  in  speculations  on  evolution  that  chlorophyll  preceded 
the  evolution  of  animals.  Attacked  from  this  p6int  the  question 
>f  evolution  becomes  a  question  of  nutrition,  or  rather  of  the  syn- 
rhesis  of  the  highly  complex  proteins  of  the  body. 

Loeb  had  found  that  sterile  culture  media  like  those  used  by 
Pasteur  for  the  raising  of  yeast  were  also  sufficient  for  the  raising 
>f  flies — Drosophila  was  used  for  this  purpose.  It  was  pointed 
>ut  that  this  did  not  prove  that  the  power  of  s^^nthesis  of  the 
3ies  is  the  same  as  that  of  the  yeast  since  although  the  culture 
:iiedia  were  sterile,  the  flies  were  not;  and  that  it  was  possible 
:hat  the  flies  carried  microorganisms  which  synthesized  the  pro- 
teins for  them.^  The  question  could  only  be  decided  by  experi- 
ments with  flies  absolutely  free  from  parasitic  or  sjTnbiotic  mi- 
croorganisms. 

Bogdanow*  was  the  first  to  attempt  to  raise  flies  free  from 
bacteria.  He  experimented  on  the  blowflj*,  Calliphara  vomitoria. 
His  method  consisted  in  sterilizing  the  eggs  with  solutions  of 
HgClj.  He  found  that  sterile  larvae  of  the  fly  grew  only  very 
slowly  on  sterile  meat,  never  reaching  their  full  size.  They  died 
without  undergoing  metamorphosis.  He  assumes  that  they 
require  the  aid  of  bacteria  for  their  normal  nutrition.  Woll- 
nian'  repeated   the  experiments  of  Bogdanow,   confirming  his 

*  Loeb,  J.,  /.  BioL  Chem.,  1915,  xxiii,  431. 

*  Bogdanow,  Arch.  Physiol.,  SuppL,  190S,  173. 

*  Wollman.  E..  Ann.  I'lnst.  PaMcnr,  1911,  xxv,  79. 

309 


310  Nutrition  and  Evolution.    II 

results.  Delcourt  and  Guydnot^  experimented  with  Drosophila. 
These  authors  first  tried  Bogdanow's  method  but  did  not  succeed 
since  the  antiseptic  treatment  killed  all  the  eggs  of  Drosophila, 
They  proceeded  by  frequent  transference  of  flies  raised  on  acid 
media  and  thus  finally  obtained  some  colonies  which  on  micro- 
scopic and  bacteriological  test  proved  sterile.  Guy^not  observed 
that  sterile  flies  grew  on  yeast,  Uving  or  dead,  and  that  after 
several  generations  they  also  grew  well  on  sterile  potatoes.  The 
larvae  grew  well  on  peptone  and  salts  but  did  not  metamorphose. 

We  returned  to  the  method  of  Bogdanow  which  seemed  more 
direct  and  reliable,  by  raising  sterile  cultures  from  eggs  sterilized 
in  HgCU.  SteriUzed  banana  was  covered  with  wet  filter  paper 
and  female  flies  were  put  in  the  flasks  with  the  banana.  After 
severaj  hours  the  eggs  were  taken  from  the  filter  paper  and  placed 
in  0.1  per  cent  HgCl2  or  a  satiu*ated  solution  of  HgCU  in  alcohol 
for  6  to  7  minutes.  Most  eggs  are  killed  by  the  treatment  but 
a  small  percentage  recover  and  develop  when  put  into  a  flask 
containing  sterilized  yeast  and  cotton.  They  grew  and  meta^ 
morphosed  entirely  normally  on  the  following  culture  media: 

Sterilized  bakers'  yeast 450  gm. 

Water 1,000  cc. 

Citric  acid 50  gm. 

The  acid  was  added  solely  for  the  piu*pose  of  diminishing  the 
chance  of  the  development  of  bacteria  when  the  flies  were  re- 
moved from  the  flask.  The  presence  of  citric  acid  diminished 
the  number  of  larvae  (and  probably  also  the  niunber  of  eggs  laid), 
since  in  the  cultures  without  citric  acid  the  number  of  larvae 
and  flies  produced  was  greater.  But  cultures  without  citric  acid 
usually  became  infected  with  bacteria  when  the  old  flies  were 
removed  from  the  flask  for  the  purpose  of  starting  new  cultiu*es. 
We  have  thus  far  raised  twelve  successive  generations  free  from 
all  microorganisms. 

Our  tests  for  the  sterility  of  the  flies  consisted  in  putting  the 
dead  flies  as  well  as  parts  of  the  culture  into  glucose  agar,  agar, 
plain  broth,  litmus  milk,  glucose  broth,  and  potato  tubes.     All 

*  Delcourt,  A.,  and  Guy6not,  E.,  Bull.  Sc.  France  et  Belgique,  1911, 
xlv,  249.  Guy6not,  E.,  CompL  rend.  Soc.  bioL,  1913,  Ixv,  pt.  i,  97,  178,  223, 
270;  1914,  Ixvi,  pt.  i,  483,  548. 
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these  tests  remained  permanently  sterile.  In  addition,  smears 
were  made  from  the  flies,  pupse,  and  larvse,  and  examined.  They 
were  free  from  bacteria  and  fungi. 

We  made  a  large  number  of  culture  experiments  with  filter 
paper,  cane  sugar,  MgSOi,  KH2PO4,  NaCl,  CaClj,  and  nitrog- 
enous compounds  as  indicated  in  the  following  table.  The 
sterile  flies  were  transferred  to  the  tubes  containing  the  culture 
media  with  sterile  pipettes,  following  the  procedure  of  Guy^not 
in  the  manipulation  of  the  flies. 

Substrate.  Result. 

Casein Some  larvse  reach  full  si«e  but 

do  not  metamorphose. 

Edestin " 

Egg  albumin " 

Mixture  of  leucine,  alanine,  glycine,  as- 
paragine,  tyrosine,  tryptophane,  and 
histidine* " 

Milk 

Hence  in  none  of  these  media  was  it  possible  to  raise  a  single 

fly  or  pupa. 
We  then  made  experiments  with  sterile  bananas  and  sterile 

potatoes.  Bananas  are  the  usual  culture  medium  used  for 
liaising  non-sterile  Drosaphila  in  large  numbers.  The  results  of 
Our  experiments  on  sterile  bananas  with  sterilized  flies  were  most 
f'einarkable.  The  larvse  grew  slowly  and  verj'  few  pupated. 
Some  larvae  remained  alive  20  to  30  days.  The  flies  which  hatched 
from  the  pupae  were  very  small,  about  one-fourth  the  normal 
^ixe,  and  had  ver>'  little  pigment.  It  was  impossible  to  raise  a 
Second  generation  from  them. 

They  were  crossed  with  normal  flies  and  cultivated  on  sterile 
>'east,  but  although  both  crosses  were  tried,  no  larvae  were  ob- 
't^dned.  •  ^\^len  the  females  were  normal  flies  and  the  males  flies 
:raised  on  sterile  bananas,  a  few  eggs  were  laid,  but  no  larv» 
liatched.     This  indicates  that  flies,  free   from  microorganisms 

(yeast),  when  raised  on  sterile  bananas  or  sterile  potatoes  were 

^dso  sexually  sterile.     It  is  of  course  possible  that  this  negative 

'  Some  of  these  pure  amino-acids  were  kindly  given  us  by  Dr.    P.  A. 
Levene. 
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)Ult  is  not  final  although  our  conclusion  is  based  on  the  result 

ten  different  cultures. 

Yeast  was  then  the  only  medium  on  which  normal  larvae  could 
e  raised  with  these  sterile  cultures  of  flies  and  it  seems  to  be 
he  indispensable  food  for  these  insects.  Yeast  must  there- 
ore  contain  some  substance  required  for  their  growth  and  this 
substance  nmst  be  rather  resistant  to  heat  since  veast  heated 
for  1  hour  at  120°  is  an  excellent  culture  medium.  We  tried  to 
isolate  this  substance  from  the  veast.  Yeast  extracted  with 
boiling  alcohol  for  48  hours  or  with  cold  alcohol  for  10  days  was 
no  longer  able  to  serve  as  food.  A  mixture  of  the  extracted  yeast 
and  of  the  extractive  was  no  longer  adequate  to  raise  the  larvae, 
indicating  an  alteration  of  the  necessary  substance  by  the  alcohol. 
The  presence  of  traces  of  alcohol  in  this  mixture  in  itself  was  not 
harmful  since  these  flies  grow  normally  in  the  presence  of  2  to 
3  per  cent  alcohol. 

The  necessary  substance  in  yeast  cannot  be  salts,  or  cane  or 
grape  sugar  since  non-sterile  flies  grow  normally  on  Pasteur 
media,  as  Loeb*s  previous  experiments  have  shown. 

The  addition  of  butter,  nucleic  acid,  thymus  or  thyroid  ex- 
tract to  the  synthetic  culture  media  mentioned  in  the  table  was 
also  without  effect.  This  fact,  as  well  as  the  fact  that  the  flies 
will  not  develop  on  sterile  milk,  shows  that  the  necessary  sub- 
stance must  be  different  from  that  needed  for  pigeons,  rats,  and 
other  warm-blooded  animals. 

These  observations  show  that  an  apparently  polyphagous 
insect  like  Drosophila  is  in  reality  a  monophagous  insect,  as  yeast 
is  a  suflScient  and  perhaps  the  only  sufficient  food  for  them.  They 
can  Uve  on  any  culture  medium  which  can  serve  as  a  food  for 
yeast  with  which  they  probably  infect  it.  The  experiments 
show  that  in  the  discussion  of  the  synthetic  power  of  the  higher 
animals,  the  possible  action  of  the  microorganisms  in  the  intestine 
must  also  be  considered.  As  far  as  the  origin  of  insects  like 
Drosoyhila  is  concerned,  their  existence  depends  primarily  on 
3'east. 


THE  INFLUENCE  OF  PARTURITION  ON  THE  COMPO- 
SITION AND  PROPERTIES  OF  THE  MILK  AND 

MILK  FAT  OF  THE  COW.* 

By  C.  H.  ECKLES  and  LEROY  S.  PALMER. 
C  ^j-om  the  Department  of  Dairy  Husbandry,  University  of  Missouri ,  Columbia.) 

(Received  for  publication,  September  6,  1916.) 

INTRODUCTION. 

The  question  of  variations  in  the  composition  of  milk  is  a 
'^'Wofold  one;  one  phase  deals  with  variations  in  milk  as  secreted 
t>5r  the  cow;  the  other  phase  deals  with  the  changes  in  composi- 
'tion  after  the  milk  is  secreted  and  before  it  is  used  for  food.  The 
letter  phase  of  the  question  has  in  recent  years  overshadowed 
J-H  large  measure  the  question  of  the  relation  between  the  nor- 
Odal  variation  in  composition  to  which  milk  is  subject  and  its 
Vise  as  human  food.  The  chemical  side  of  this  question  has 
t>een  for  several  years  the  object  of  critical  study  by  the  Missouri 
A^gricultural  Experiment  Station.  The  results  in  regard  to  a 
dumber  of  the  factors  involved  have  already  been  published.^ 

*  Published  by  permission  of  the  Director  of  the  Missouri  Agricultural 
^filxperiment  Station.  The  data  reported  in  this  paper  were  collected  in 
Oooi>eration  with  the  Dairy  Division,  United  States  Department  of  Agri- 
Oxilture,  Bureau  of  Animal  Industry.  While  the  greater  part  of  the  data 
"^^ere  taken  the  Dairy  Division  was  represented  by  Lcroy  S.  Palmer,  who 
bas  been  responsible  for  the  preparation  of  the  present  paper. 

*  Eckles,  C.  H.,  and  Shaw,  R.  H.,  Influence  of  the  stage  of  lactation  on 

tilie   composition  and  properties  of  milk,   U.  S.  Dept.  Agric,  Bureau  of 

-Animal  Industry,  Bull.  155,   1913;  Influence  of  breed  and  individuality 

On  composition  and  properties  of  milk,  ibid.,  Bxdl.  156,  1913;  Variations  in 

c^omposition  and  properties  of  milk  from  the  individual  cow,  ibid..  Bull.  157, 

X913.     Eckles,  C.  H.,  Influence  of  fatness  of  cow  at  parturition  on  per 

c:?ent  of  fat  in  milk,  Missouri  Agric.  Exp.  Station,  Bull.  100,  1912.     Palmer, 

Ij.  S.,  and  £k;kles,  C.  H.,  Carotin — the  principal  natural  yellow  pigment 

of  milk  fat,  J.  Biol.  Chem.,  1914,  xvii,  191,  211,  223,  237,  245;  also  Missouri 

^gric.  Exp.  Station,  Research  Bxdl.  9,  10,  11,  and  /f,.1914.     Eckles,  C.  H., 

^nd  Palmer,  L.  S.,  Influence  of  plane  of  nutrition  of  cow  upon  composition 
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Investigations  of  other  factors  of  importance  influencing  the 
normal  composition  of  cows'  milk  are  still  in  progress. 

The  general  opinion  prevails  that  cows'  milk  is  not  suitable 
for  himian  food  for  a  period  of  time  after  parturition.  Opinion 
varies  as  to  the  length  of  time  the  milk  is  unfit  for  use,  as  low  as 
2  days  and  as  high  as  15  days  being  stated  as  the  proper  period 
by  different  authorities.  The  methods  and  standards  for  certi- 
fied milk  adopted  by  the  American  Association  of  Medical  Com- 
missions^ place  the  figure  at  7  days  after  parturition.  The  basis 
for  the  exclusion  of  cows'  milk  immediately  after  the  birth  of 
the  calf  is  that  its  composition  or  constituents  give  rise  to  intesti- 
nal disorders.  The  evidence  upon  which  this  conclusion  is  based 
is,  however,  extremely  difficult  to  find.  The  literature  on  colos- 
trum milk  is  extensive,'  but  it  is  astonishingly  free  from  specific 
data  regarding  the  healthfulness  or  unhealthfulness  of  cows'  milk 
inmaediately  after  parturition. 

The  data  which  are  offered  in  the  present  paper  indicate  that 
colostrum  milk  is  subject  to  variations  in  composition,  or  in 
other  words  that  the  effect  of  parturition  on  the  composition 
of  cows'  milk  may  be  greatly  influenced  by  other  factors.  Data 
are  presented  on  two  questions:  (1)  the  effect  of  milking  the  cow 
up  to  the  time  of  parturition;  (2)  the  influence  of  the  length  of 
the  period  the  cow  is  dry  before  parturition. 

Effect  of  Milking  until  Parturition,  on  Composition  of  Colostrum 

Milk  and  Milk  Fat, 

Milking  the  cow  up  to  the  time  of  parturition  is  not  a  common 
practice  among  dairymen.  It  is  believed  by  these  men  that  the 
dairy  cow  will  produce  more  milk  during  the  lactation  period 
if  given  a  rest  of  several  weeks  before  parturition.     Continuous 

and  properties  of  milk  and  butter  fat.  Influence  of  overfeeding,  ibid., 
Research  Bull.  24,  1914;  Influence  of  underfeeding,  ibid..  Research  Bull. 
26,  1916.  • 

2  Proc.  Sixth  Ann.  Conference,  Am.  Assn.  Med.  Milk  Commissions,  1912, 
124. 

^  The  literature  on  colostrum  is  reviewed  very  thoroughly  by  Weber,  E., 
Untersuchungen  iiber  die  Kolostralmilch  der  Kuh,  der  Ziege  und  des 
Schafes,  Milchwirl.  Zefitr.,  1910,  vi,  pt.  x,  433,  pt.  xi,  481,  pt.  xii,  543;  also  by 
Engel,  St.,  Die  BiochemiedcsKolostrums,  £^r^e6n.  P/iysio/.,  1911,  xi,  41-103. 
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milking  of  the  cow  is,  however,  a  common  practice  in  many  lo- 
calities. The  effect  of  this  practice  on  the  composition  of  the 
colostrum  is  thus  a  matter  of  considerable  interest,  practical 
as  well  as  scientific. 

HISTORICAL. 

We  have  been  able  to  find  only  two  references  in  regard  to  the  influence 
of  continuous  milking  on  the  colostrum  milk.  Nasse^  many  years  ago 
stated  that  the  change  from  colostrum  to  normal  milk  occurs  very  rapidly 
i  n  the  case  of  cows  milked  up  to  the  time  of  parturition.  Cook  and  Hills' 
x-«eported  the  composition  of  the  milk  of  a  Jersey  cow  the  night  before  and 
^Iso  a  few  hours  after  calving.  The  results  as  given  by  these  authors  are 
shown  in  Table  I. 

TABLE  I. 
Composition  of  Milk  before  and  after  Calving.* 


£efore  calving, 
^f  ter  calving^ . 


Fat. 


per  cent 

10.18 
7.48 


Protein. 


per  cent 

6.35 
6.48 


Sugar. 


pereerU 

4.92 
5.18 


*  Cook  and  Hills. 

The  authors  state  that,  ''The  cow  instead  of  giving  colostrum  gave 
milk.  .  .  .  Under  the  microscope  but  few  colostrum  particles  were 
found  in  the  first  milk.''  It  is  doubtful  if  the  conclusion  is  justified  thai 
the  milk  after  calving  was  normal,  inasmuch  as  a  protein  percentage  of 
6.48  is  abnormally  high.  The  first  milking  was  unquestionably  less  ab- 
normal, however,  than  usually  found  for  colostrum  milk. 

EXPERIMENTAL. 

The  data  presented  in  the  present  paper  were  taken  from 
three  pure-bred  Jersey  cows  in  the  University  herd.  Complete 
analyses  of  the  milk  and  milk  fat  were  made  on  composite  sam- 
ples taken  at  suitable  intervals  and  covering  a  suitable  length 
of  time  for  a  period  both  before  and  after  parturition.  The  length 
of  time  covered  by  the  composites  varied,  as  indicated  in  each 
case  in  connection  with  the  data. 

*  Nasse,  Arch.  Anat.  Physiol,  u.  Wiss.  Med.,  1840,  259,  cited  by  Weber, 
Milchwirt.  Zentr.,  1910,  vi,  440. 

*  Cook,  W.  W.,  and  Hills,  J.  L.,  Abnormal  Milks,  Vermont  Agric. 
Exp.  Station,  5th  Ann.  Report,  1891,  iii. 
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The  analyses  made  included  the  specific  gravity  of  the  milk, 
the  percentage  of  total  sohds,  ash,  fat,  lactose,  total  protein, 
casein,  albumin  (heat-coagulable  proteins),  and  in  the  case  of 
two  of  the  three  animals  the  percentage  of  residual  protein  and 
residual  non-protein  nitrogen.  The  analyses  of  the  milk  ^  fat 
included  the  saponification  value,  Reichert-Meissl  number,  iodine 
absorption  value,  and  melting  point. 

The  methods  of  analysis  were  largely  those  of  the  Association  of  Official 
Agricultural  Chemists.  In  the  fat  analyses  the  Reichert-Meissl  number 
was  determined  by  the  Leffman-Beam  method,  the  iodine  value  by  the 
HUbl  method,  and  the  melting  point  by  Wiley's  method.  In  the  milk 
analyses  the  specific  gravity  was  taken  with  the  modified*  Quevenne 
lactometer,  the  total  solids  were  determined  by  the  Babcock  asbestos 
method,  the  fat  in  some  cases  was  determined  by  the  Babcock  asbestos 
method  but  in  others  by  the  Babcock  centrifugal  method,  the  lactose  by 
the  optical  method,  using  acid  mercuric  nitrate,  the  total  protein  and 
casein  by  the  official  A.  O.  A.  C.  methods,  and  the  albumin  (heat-coagu- 
labie  proteins)  by  the  provisional  method  of  this  Association.  The  resi- 
dual protein  was  determined  by  the  addition  of  15  cc.  of  Almen's  tannic 
acid  reagent  to  the  filtrate  from  the  albumin  determination.  The  precipi- 
tate was  filtered  off  and  treated  like  the  albumin.  The  nitrogen  remaining 
in  the  filtrate  after  the  tannic  acid  precipitation  was  determined  by  evapo- 
rating the  solution  and  treating  in  the  usual  way  (Kjeldahl  method).  The 
nitrogen  so  determined  was  called  the  residual  non-protein  nitrogen.  In 
some  cases  it  was  determined  by  difference  between  the  total  nitrogen  and 
the  total  protein  nitrogen. 

The  methods  of  taking  the  composites  and  the  preparation 
of  the  milk  and  butter  fat  for  analysis  were  practically  identical 
with  those  described  in  detail  elsewhere.^  In  the  analyses  made 
in  1913  the  amount  of  formaldehyde  used  for  preservation  of 
the  milk  was  increased  from  the  earUer  practice  of  one  part  in 
6,000  to  2,500  to  one  part  in  1,650. 

The  cows  used  in  the  investigation  were  in  normal  health  and 
condition.  The  length  of  time  since  the  last  parturition  was 
normal  for  each  animal,  being  408  days  in  the  case  of  Cow  317, 
375  days  in  the  case  of  Cow  57,  and  319  days  in  the  case  of  Cow 

«  Shaw,  R.  H.,  and  Eckles,  C.  H.,  The  estimation  of  total  solids  in  milk 
by  the  use  of  formulas,  U.  S.  Dept.  Agric.y  Bureau  of  Animal  Industry, 
Bull,  1S4,  1911,  16. 

'  Eckles  and  Shaw,  U.  S.  Dept.  Agric,  Bureau  of  Animal  Industry^  Bull. 
166,  1913. 
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4.  The  character  of  the  rations  of  the  cows  was  not  identical, 
but  was  uniform  for  the  individual  animals  throughout  the  ex- 
perimental period.  Cows  317  and  57  were  on  pasture  through- 
out, but  received  grain  in  addition,  the  latter  consisting  of  a 
mixture  of  corn  4  parts,  bran  2  parts,  and  linseed  meal  1  part. 
Cow  4  was  fed  a  grain  mixture  of  the  same  character,  but  the 
roughage  which  she  received  consisted  of  corn  silage  and  alfalfa 
hav. 

RESULTS. 

The  analyses  of  the  samples  in  the  case  of  the  three  cows  are 
shown  in  Tables  III,  IV,  and  V. 

Before  considering  the  effects  of  continuous  milking  on  the 
composition  of  the  colostrum  milk  in  the  case  of  the  three  cows 
it  is  necessary  to  have  in  mind  the  composition  of  colostrum 
when  the  cow  is  dry  for  a  period  of  time  before  parturition;  in 
other  words,  normal  colostrum  milk.     Unfortunately,  for  pur- 
poses of  the  present  discussion  normal  colostrum  milk  is  not 
Uniform  in  composition  with  different  animals.     As  has  been 
expressed  by  other  authors,  the  difficulty  arises  in  that  the  numer- 
ous anal^'ses  of  colostrum  milk  which  have  been  made  have  not 
been  uniform  with  respect  to  th^length  of  time  aft^r  parturition 
the  sample  was  taken  for  analysis.    The  reason  for  the  lack 
of    uniformity  of  colostrum   analyses   becomes  apparent   when 
tihe  rapidity  with  which  milk  changes  in  composition  after  par- 
'turition  is  taken  into  consideration. 

In  general,  however,  colostrum  milk  is  characterized  by  abnormally 
Ir&igh  specific  gravity  and  percentage  of  total  solids,  ash.  and  protein,  and 
iDy  an  abnormally  low  percentage  of  lactx>se.    The  fat  varies,  as  reported 
iDy  difTerent  investigators,  some  reporting  high  fat  percentages,  others 
formal,  and  still  others  low.    The  distribution  of  the  proteins  of  normal 
^x>lostrum  appears  to  be  characteristic,  all  the  protein  being  present  in 
^kinounts  above  normal,  the  chief  characteristic  being  that  the  heat-coagu- 
lAble  proteins  greatly  predominate  over  the  casein,  which  is  the  reverse  of 
normal  cows'  milk.    It  also  appears  to  be  well  established  that  the  heat- 
^oagulable  proteins  of  colostrum  consist  largely  of  globulin,  which  is 
present  in  normal  cows'  milk  in  smaller  proportion  than  albiunin.    The 
fat  of  colostrum  milk  is  characterized  by  a  low  Reichert-Meissl  number  and 
saponification  value,  and  a  high  iodine  value  and  melting  point.    Col- 
ostrum is  also  characterized  by  a  high  content  of  epithelial  cells,  their 
peculiar  grouping  in  the  milk  giving  rise  to  the  name  * 'colostrum  cor- 
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puscles."  Colostrum  is  also  characterized  by  its  high  yellow  color,  which 
has  been  found  by  us*  to  be  due  merely  to  a  high  concentration  of  carotin, 
the  normal  pigment  of  the  milk  fat  of  the  cow. 

The  general  characteristics  of  colostrum  as  stated  in  the  pre- 
ceding paragraph  are  shown  in  tabular  form  in  Table  II,  mini- 
mum, maximum,  and  average  values  being  given  as  foimd  by 
various  investigators. 

The  data  in  Tables  III,  IV,  and  V  show  examples  of  colostnmi 
milk  widely  different  in  composition  from  normal  colostrum  as 
given  in  Table  II,  the  milk  from  Cows  317  and  57  showing  a 
greater  difference  than  that  from  Cow  4. 

TABLE  II. 
Composition  of  Normal  Colostrum  Milk. 


Minimum. 

Maximum. 

Avenge.* 

Soecific  ffravitv 

1.032 

per  cent 

16.18 
0.85 
5.72 
^       2.64 
0.25 
2.35 
5.06 
1.02 
0.15 

209.5 
6.16 
36.8 

1.090 

per  cent 

37.21 
2.31 

27.33 
7.59 
2.00 

17.51 

20.21 
3.50 

12.00 

226.4 
26.0 
46.4 

1.068 

Total  solids 

per  cent 

28.30 

Ash 

1.78 

Total  protein 

15.85 

Casein 

4  82 

• 

Albumin 

Globulin 

Heat-coasulable  oroteins 

15.85 

Lactose 

2.48 

Fat 

3.37** 

iSaponification  value 

Reichert-Meissl  number 

Iodine  value 

*  The  average  values  are  those  reported  by  Eugling,  who  made  analyses 
from  twenty-three  cows  (Ber.  Tdtigkeit  landw.  Versuchs.  Vorarlherg^  1878. 
ii,  33). 

**  Average  of  51  analyses  made  by  Konig  (Chem.  mensch.  Nahr.  u.  Ge- 
nussmittel,  1904,  ii,  603)  showed  3.97  per  cent  fat. 


Considering  the  results  in  detail  we  find  that  parturition  failed 
to  exert  the  usual  depressing  influence  on  the  percentage  of  lac- 
tose in  each  of  the  three  cases,  although  it  was  somewhat  below 

•  Palmer  and  Eckles,  J.  Biol,  Chem.,  1914,  xvii,  199. 
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normal  in  the  case  of  Cows  57  and  4.  In  regard  to  the  casein 
we  find  no  effect  in  the  case  of  Cows  317  and  67,  but  a  high  casein 
percentage  for  Cow  4.  The  composition  of  the  milk  fat  was  uni- 
formly unaffected  by  parturition  in  the  case  of  each  of  the  three 
cows.  Very  abnormal  fat  constants  followed  parturition  in  the 
case  of  Cow  4,  but  it  is  open  to  question  whether  this  was  the 
result  of  parturition,  inasmuch  as  the  fat  showed  the  same  ab- 
normalities for  several  days  before  parturition  in  even  more  strik- 
ing degree. 

The  most  uniform  effect  of  parturition  was  upon  the  heat- 
coagulable  proteins;  namely,  the  albumin  and  globulin  of  the 
milk.  The  percentage  of  these  proteins  increased  very  materi- 
ally up  to  the  time  of  parturition,  reaching  a  maximmn  in  the 
first  milk  drawn  after  parturition.  The  proportion  of  the  total 
protein  of  the  milk  attained  at  this  time  was  remarkably  great 
for  Cows  317  and  57,  being  nearly  35  per  cent  in  each  case.  In 
spite  of  this  great  increase  in  albumin  and  globulin  the  actual 
proportion  of  the  total  milk  represented  by  these  proteins  was 
far  below  the  minimimi  value  for  heat-coagulable  proteins  of 
normal  colostrum  as  given  in  Table  11. 

As  already  pointed  out,  the  results  in  the  case  of  Cow  4  were 
less  striking  than  for  the  other  two  cows.  The  authors  attribute 
this  to  the  fact  that  the  milk  and  milk  fat  of  this  cow  showed 
the  characteristics  of  the  end  of  the  lactation  period  before  par- 
turition occurred. 

The  general  conclusion  which  we  believe  is  justified  by  the 
data  given  for  the  three  cows  under  discussion  is  that  when  a 
cow  is  milked  up  to  parturition  the  colostrum  milk  will  follow 
closely  the  composition  of  the  milk  given  before  parturition, 
with  the  exception  of  a  more  or  less  marked  increase  in  the  heat- 
coagulable  proteins.  If  the  composition  of  the  milk  and  milk 
fat  shows  the  characteristics  of  the  end  of  the  lactation  period 
before  parturition,  the  colostrum  milk  and  milk  fat  will  also 
show  these  characteristics.  If  the  milk  and  milk  fat  ar§  normal 
in  composition  before  parturition  the  colostrum  milk  and  milk 
fat  will  also  be  normal,  with  the  exception  already  noted. 


C.  H.  Eckles  and  L.  S.  Palmer  323 

rifluence  of  Length  of  Period  of  Dryness  of  Cow,  on  Composition 

of  Colostrum  Milk  and  Milk  Fat, 

The  data  given  in  the  foregoing  pages  of  this  paper  indicate 
learly  that  the  abnormal  composition  of  milk  and  milk  fat  usually 
haracteristic  of  colostrum  is  greatly  lessened  when  the  cow  is 
lilked  up  to  parturition,  and  may  be  evident  only  to  a  shght  de- 
^•ee  in  the  case  of  a  heavy  milking  cow.  This  result  raises  the 
[uestion  whether  the  length  of  time  the  cow  is  dry  before  par- 
urition  influences  the  composition  of  colostrum  milk.  Winter- 
tein  and  Strickler^  have  suggested  that  this  factor  has  a  great 
nfluence  on  the  properties  of  colostrum,  greater  than  the  influence 
dther  of  breed  or  manner  of  feeding.  St.  Elngel,*  however, 
luestions  whether  this  viewpoint  can  be  upheld.  Neither  in- 
T^estigator  offered  any  data  in  support  of  his  opinion.  Certain 
lata  which  we  have  collected  in  connection  with  our  colostrum 
studies  and  which  seem  to  have  a  bearing  on  this  point  are  given 
n  Table  VI.  This  presents  complete  analyses  of  the  milk  and 
ottilk  fat  for  the  first  two  or  three  milkings  of  four  cows,  follow- 
ing parturition.  The  length  of  the  period  of  dryness  of  the  cows 
varied  from  19  to  83  days.  The  animals  were  all  pure-bred 
dairy  cows,  on  pasture,  and  probably  received  some  additional 
grain,  which  is  the  usual  practice  in  the  dairy  herd  of  the  Missouri 
Agricultural  Experiment  Station.  Our  records,  however,  are 
not  complete  on  this  point  in  connection  with  these  cows.  The 
methods  of  analysis,  handling  of  cows,  etc.,  were  identical  with 
the  procedure  described  in  the  first  part  of  the  paper  in  connec- 
tion with  the  other  data  reported. 

In  the  case  of  each  of  the  animals  the  first  milk  was  drawn 
within  a  few  hours  after  parturition.  The  animals  having  been 
dry  for  a  period  of  time,  the  quantity  obtained  was  not  suflScient 
in  all  cases  for  complete  analyses  of  both  milk  and  milk  fat. 
Such  data  as  it  was  possible  to  secure  are  reported  in  the  table. 
Complete  analyses  were  niade  in  each  case  as  soon  as  sufficient 
milk  was  obtained. 

*  Winterstein,  E.,  and  Strickler,  E.,  Die  chemische  Zusammensetzung 
des  Colostrums  mit  besondcrer  Berucksichtigung  der  Eiwcissstoffc,  Z. 
-physiol.  Chem.j  1906,  xlvii,  58. 
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DISCUSSION   OP  RESULTS. 

Taking  into  account  the  fact  that  the  first  milking  after  par- 
turition, that  is,  the  true  colostrum,  in  the  case  of  Cow  17  was 
not  sufficient  for  any  anal3rsis  save  that  of  percentage  of  ash, 
the  data  in  Table  VI  show  the  interesting  fact  that  the  abnormaU- 
ties  in  composition  of  colostrum  milk  are  in  direct  relation  to 
the  length  of  the  period  of  dryness.    All  the  colostrum  samples 
showed  a  composition  more  or  less  characteristic  of  the  first  milk 
drawn  after  parturition,  but  this  was  particularly  striking  in 
the  case  of  Cow  400,  which  was  dry  83  days.     The  percentage 
of  total  solids,  protein,  casein,  heat-coagulable  proteins,  and  ash 
was  abnormally  high  in  each  case,  while  the  percentage  of  lac- 
tose and  fat  was  abnormally  low.    However,  in  the  case  of 
Cow  22,  dry  19  days,  the  milk  was  much  less  abnormal  in  com- 
position, although  it  showed  a  protein,  casein,  and  heat-coagu- 
lable protein  content  considerably  above  normal.     The  fat  per- 
centage of  the  colostrum  milk  of  Cow  17,  namel}'  4.43,  which  was 
only  shghtly  below  the  normal  fat  percentage  of  this  cows'  milk 
(which  was  4.8  per  cent)  is  in  striking  contrast  to  the  extremely 
low  fat  percentage  of  the  colostrum  milk  of  Cow  400. 

The  data  in  Table  VI  are  less  complete  in  regard  to  the  phj'si- 
cal  and  chemical  constants  of  the  colostrum  fat  in  the  case  of  the 
four  cows,  owing  to  the  fact,  already  mentioned,  that  there  was 
insufficient  milk  to  furnish  enough  fat  for  these  analyses.  The 
data  available  indicate,  however,  that  the  length  of  the  period 
of  dryness  had  little,  if  an}',  influence  on  the  composition  of  the 
colostrum  fat.  In  each  case  the  fat  showed  the  composition 
characteristic  of  colostrum  fat,  having  a  low  saponification  and 
Reichert-Meissl  value  and  high  melting  point.  The  iodine  value 
of  the  fats  analyzed  did  not  show  the  extremely  high  figure  usually 
characteristic  of  colostrum  fat. 

The  data  in  Table  VI  in  general  lead  to  the  conclusion  that  the 
length  of  the  period  of  dr>^ness  is  a  factor  influencing  the  com- 
position of  colostrum  milk,  but  does  not  influence  the  composi- 
tion of  colostrum  milk  fat.  The  shorter  the  time  the  cow  is 
drj'  before  parturition  the  less  abnormal  will  be  the  colostrum 
milk. 
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SUMMARY. 

The  conclusions  which  we  have  drawn  from  the  data  presented 
in  the  present  paper  may  be  summarized  as  follows: 

1.  Parturition  in  the  case  of  the  cow  is  normally  accompanied 
by  the  production  of  milk  of  extremely  abnormal  composition, 
called  colostrum. 

2.  When  cows  are  milked  up  to  parturition,  however,  the  colos- 
trum milk  and  milk  fat  are  much  less  abnormal  in  composition 
and  follow  closely  the  composition  of  the  milk  and  milk  fat  given 
before  parturition. 

3.  The  chief  characteristic  of  the  milk  as  the  cow  approaches 
parturition  in  these  cases  is  the  marked  increase  in  the  content 
of  heat-coagulable  proteins,  which  reach  their  maximum  in  the 
first  milk  following  parturition,  that  is,  the  true  colostrum  milk. 
This  would  indicate  that  a  high  content  of  heat-coagulable  pro- 
teins is  the  chief,  if  not  the  only,  real  effect  of  parturition  on  the 
milk. 

4.  The  length  of  time  the  cow  is  dry  before  parturition  is  a 
factor  influencing  the  composition  of  colostrum  milk,  but  does 
not  influence  the  composition  of  colostrum  milk  fat.  The  shorter 
the  time  the  cow  is  dry  the  less  abnormal  will  be  the  composition 
of  the  colostrum  milk. 


A  METHOD  FOR  THE  DETERMINATION  OF  NITRIC 

NITROGEN.* 

By  F.  M.  scales. 

C^rom  the  Laboratories  of  the  Soil  Bacteriology  IHmsion,  Bureau  of  Plant 
Industry f  United  Stales  Department  of  Agriculture,  Washington,) 

(Received  for  publication,  September  15,  1916.) 

A  simple  and  accurate  method  of  determining  nitric  nitrogen 
in  culture  media  and  soil  extracts  has  been  much  needed  by  soil 
iDiologists  and  chemists.  A  procedure  to  be  satisfactory  must 
^ield  reliable  results  in  the  presence  of  unstable  organic  substances 
like  the  amino  and  amide  compounds. 

Practically  all  of  the  methods  now  in  use  involve  the  reduc- 
tion of  the  nitrate  to  ammonia  and  its  subsequent  distillation 
into  standard  acid.  The  reduction  is  effected  by  nascent  hydro- 
^n  which  is  generated  either  in  an  acid  or  an  alkaline  solution. 
The  principal  objection  to  the  methods  using  an  acid  solution 
is  that  they  take  too  long  to  effect  reduction,  or  if  the  time  is 
shortened  by  using  larger  quantities  of  reagents,  the  increased 
amount  of  acid  may  hydrolyze  some  organic  material.  The 
better  planned  methods  using  an  alkaline  solution  accomplish  the 
reduction  during  distillation  so  that  much  less  time  is  needed 
to  obtain  results,  but  the  amount  of  alkali  required  is  so  great 
that  unstable  organic  matter  may  be  decomposed. 

Organic  material  does  not  affect  the  results  obtained  by  the  pro- 
posed procedure.  The  method  is  accurate  and  requires  only  the 
simplest  modification  of  the  regular  Kjeldahl  apparatus.  A  zinc- 
copper  couple  is  prepared  in  such  a  way  that  it  can  be  renewed 
very  easily.  This  couple  decomposes  water  at  the  boiling  point. 
The  hydrogen  is  evolved  and  the  oxygen  of  the  water  combines 
with  the  zinc  to  form  zinc  oxide.     The  advantage  in  the  use  of  this 

*  Published  by  permission  of  the  Secretary  of  Agriculture. 
Thanks  are  due  Mr.  F.  L.  Goll  of  the  OflSce  of  Soil  Bacteriology  for  the 
illustration  accompanying  this  report. 
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couple  is  that  neither  an  acid  nor  an  alkaUne  reaction  is  necessary 
to  promote  the  generation  of  hj'^drogen.  Therefore  only  a  small 
amount  of  fixed  alkali  is  required  to  expel  the  ammonia  formed  by 
the  reduction. 

HISTORICAL. 

The  fact  that  a  zinc-copper  couple  has  the  power  of  decom- 
posing pure  distilled  water  at  room  temperature  has  not  been 
generally  known  and  this  undoubtedly  is  the  reason  that  a  direct 
distillation  method  using  this  couple  has  not  been  perfected  for 
the  determination  of  nitrates  in  soil  analyses. 

M.  W.  WiUiams^  showed  that  dilute  solutions  of  nitrate  are 
completely  reduced  to  anmionia  by  this  couple  if  kept  at  30°C. 
for  a  few  hours,  and  that  the  reduction  is  hastened  by  the  pres- 
ence of  carbonic  acid,  and  a  neutral  electrolyte  like  sodium  chlo- 
ride. He  poured  the  solution  containing  the  anmionia  into  a 
Nessler  tube  and  titrated  with  Nessler's  reagent  in  the  ordinary 
way. 

Keating  Stock^  used  granulated  zinc  for  his  couple  and  re- 
duced the  nitrate  solution  at  20-25°C.  for  48  hours.  He  distilled 
off  the  ammonia  and  Nesslerized.  This  method  is  slower  than 
most  of  the  acid  methods,  but  it  does  not  take  any  longer  than 
the  acetic  acid  method  with  this  same  couple  that  is  used  at  the 
Rothamsted  Station.' 

Apparatiis, 

The  apparatus  designed  for  use  with  this  method  is  the  sim- 
plest one  that  will  satisfactorily  scrub  the  distillate  before  the 
ammonia  formed  by  the  reduction  passes  into  the  standard 
acid.     The  apparatus  may  be  understood  by  referring  to  Fig.  1. 

The  receivinjj;  end  of  the  Wagner  form  of  connection  tube  is  fitted  with 
an  extra  lon^  rubber  stopper*  (A)  which  is  slipped  almost  up  to  the  bulb. 

1  Williams,  M.  W.,  Tr.  Chem.  Soc,  1881,  xxxix,  100;  Analyst,  1881,  vi.  36. 
-  Stock,  K.,  cited  in  Sutton,  F.,  Volumetric  Analysis,  Philadelphia, 
10th  edition,  1911,  468. 

*  Russell,  E.  J.,  J.  Agric.  6V.,  1914,  vi,  18. 

*  A.  H.  Thomas  Co.'s  Xo.  25  (28  mm.  bottom  by  34  mm.  top  and  38  mm. 
deep). 
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A  large  size  lipless  test-tube  (B)  about  23  mm.  in  diameter  by  150  mm. 
in  length  is  fitted  with  a  rubber  stopper  (C)  containing  two  holes,  one  for 
the  receiving  end  of  the  connection  tube,  and  the  other  for  the  glass  tube 
(D)  which  goes  to  within  1  cm.  of  the  bottom  of  the  test-tube.  The  holes 
in  the  rubber  stopper  should  be  made  rather  small  for  the  tubes  to  insure 
a  tight  joint.    If  the  tubes  are  heated  a  little  before  they  are  finally  put 


Fio.  1.    Apparatus  for  the  determination  of  nitric  nitrogen  with  the 
^nc-copper  couple. 


in  position  they  will  stick  firmly  to  the  stopper.  If  the  bottom  of  the 
stopper  when  pushed  as  far  as  possible  into  the  test-tube  does  not  press 
firmly  against  the  sides  of  the  tube  it  must  be  cut  off  to  the  place  where 
its  sides  do  press  against  the  tube.  When  steam  gets  between  the  test- 
tube  and  the  stopper  it  will  soon  work  to  the  top  and  the  stopper  will 
have  to  be  replaced.    The  joint  (E)  between  the  test-tube  and  the  rubber 
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stopper  is  covered  with  half  inch  electric  tape  which  is  wound  twice  around. 
This  part  of  the  apparatus  should  be  made  so  that  the  sides  of  the  test- 
tube  will  be  a  uniform  distance  of  2  or  3  mm.  from  the  neck  of  the  distil- 
ling flask. 

The  receiving  end  (F)  of  the  glass  tube  (D)  may  be  made  by  sealing 
the  end  of  the  tube  and  then  blowing  a  large  hole  in  the  side  just  below 
the  seal. 

The  glass  perforated  spherical  enlargements  on  the  delivery  end  of 
distillation  tubes  insure  better  absorption  in  the  acid  solution  than  a 
plain  tube  but  a  still  more  efficient  bulb  for  this  purpose  is  easily  made 
of  cambric^  by  cutting  out  a  circle  of  the  cloth  9  cm.  in  diameter  and  then 
gathering  it  in  folds  around  the  delivery  end  of  the  tube  (G),  and  tying  it 
with  a  cotton  string  which  like  the  cloth  has  previously  been  boiled  in 
distilled  water.    The  bag  thus  formed  should  measure,  when  pulled  down, 
about  3.5  cm.  from  the  bottom  up  to  the  string.    All  the  cloth  above  the 
string  should  be  cut  down  close  to  it.    The  entire  surface  of  this  bag  in 
the  receiving  solution  being  acid,  much  of  the  ammonia  is  neutralized 
before  it  is  forced  through  the  cloth.    The  steam  comes  through  the- 
surface  of  the  cloth  in  a  imiformly  fine  spray  till  the  receiving  solution, 
becomes  hot  enough  when  the  size  of  the  bubbles  increase,  but  under  ordi — 
nary  conditions  they  do  not  exceed  1  mm.  in  diameter.    Bags  thus  pre — 
pared  will  last  a  long  time.    Those  used  in  this  work  have  been  in  at  least 
500  determinations. 

The  writer  usually  places  a  rubber  stopper  (H)  just  under  th^ 
glass  bulb  to  facilitate  raising  the  tube  out  of  the  receiving  solu — 
tion  at  the  end  of  the  distillation. 

Solutions  and  Reagents, 

Indicator, — A  test  of  various  indicators  showed  that  p-nitro — 
phenol  is  the  most  satisfactory  one  for  this  work  as  it  gives  2^ 
sharp  end-point  in  solutions  ranging  in  temperatiu-e  from  37 — 
70°C.  The  solutions  at  the  lower  temperature  stood  in  cold. 
water  for  a  short  time  while  those  at  the  higher  temperatures 
were  titrated  5  minutes  after  being  removed  from  the  distilling 
shelf.  The  indicator  is  prepared  by  dissolving  1  gm.  of  th^ 
commercially  pure  substance  in  100  cc.  of  50  per  cent  alcohol* 

Alkaline  Solution, — The  yV  alkaline  solution  was  prepared  frons. 
Merck's  sticks  of  potassium  hydroxide  purified  by  alcohol,  anA 
standardized  against  chemically  pure  benzoic  acid.* 

K^ambric  100  (Berkeley  Mills).  The  weight  of  100  sq.  cm.  of  thi^ 
material  unboiled  is  0.8  gm. 

•  The  c.p.  benzoic  acid  was  obtained  from  the  Bureau  of  Standards  - 
Their  directions  were  followed  with  regard  to  the  standardization. 
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Acid  Solution. — ^The  sulfuric  acid  solution  was  made  exactly 
equal  in  strength  to  the  potassium  hydroxide  solution. 

Ammonia-Free  Water. — ^The  water  used  for  all  this  work  was 

redistilled  after  acidifying  with  sulfuric  acid  to  remove  anmionia. 

Sodium  Nitrate  Solution. — ^The  sodium  nitratie  standard  waa 

prepared  by  neutraUzing  titrated  nitric  acid  solution  with  sodium 

hydroxide. 

Zinc. — The  zinc  used  for  the  couples  is  ordinary  sheet  zinc 
&bout  0.5  mm.  thick.  It  is  cut  in  strips  2  cm.  wide  by  8  cm.  long.* 
niiese  strips  are  coiled  by  rolling  around  a  pencil  and  then  opened 
so  that  the  outermost  circle  of  the  coil  is  approximately  2  cm. 
ixi  diameter.  A  coil  weighs  about  5  gm.  80  gm.,  or  sixteen  of 
"tliese  coils,  are  dropped  into  each  of  the  flasks.  There  ought 
'to  be  about  200  cc.  of  water  in  the  flask  so  that  the  coils  will 
x^ot  directly  strike  the  glass  as  they  fall  in.  The  coils  may  be 
left  in  the  flasks  and  used  indefinitely  if  their  weight  is  main- 
tained at  80  gm.  by  adding  one  new  coil  about  every  week  when 
"they  are  used  continually.  The  flask  holders  of  Picked  are  very 
xiseful  for  the  flasks  containing  the  coils.  In  using  zinc  for  the 
first  time  it  should  be  treated  with  an  approximately  1  per  cent 
^KKlium  hydroxide  solution  and  then  with  a  1  per  cent  sulfuric 
^cid  solution  for  3  or  4  minutes  till  it  has  been  weU  cleaned  and 
^  fresh  surface  of  the  metal  is  exposed.  The  acid  solution  is 
^hen  drained  from  the  flask  and  the  couple  is  ready  to  be  treated 
"TOth  the  acid  copper  sulfate  solution. 

Acid  Copper  Sulfate. — ^This  solution  is  prepared  by  dissolving 
10  gm.  of  CuSOi .  5H2O  in  2  liters  of  distilled  water  and  then 
adding  6  cc.  of  concentrated  sulfuric  acid. 

Alumina  Cream. — This  suspension  is  made  by  dissolving  50 
^m.  of  AliCSOOa .  I8H2O  in  2  hters  of  distilled  water,  and  then 
^ding  a  few  drops  of  some  indicator  and  neutraUzing  with  an 
approximately  normal  sodium  hydroxide  solution.  The  solution 
is  well  stirred  and  the  precipitate  allowed  to  settle,  when  the 
supernatant  liquid  may  be  siphoned  off  and  more  distilled  water 
added.  The  precipitate  is  then  allowed  to  settle  over  night  and 
the  supernatant  Uquid  again  siphoned  off.  The  thick  cream 
is  kept  for  clarifying  soil  extracts. 

7  Pickel,  J.  M.,  J.  Ind.  and  Eng.  Chem.,  1915,  vii.  787. 
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Magnesia, — The  Baker  and   Adamson   Chemical  Company's.^  "^'s 
heavy  magnesium  oxide  c.p.  was  used  for  all  determinations. 
Sodium  Chloride, — ^A  c.p.  salt  was  used  for  the  electrolyte. 

PROCEDURE. 

The  procedure  for  making  a  determination  is  simple  and  willXi-^ 
lend  itself  readily  to  routine  work.  150  cc.  of  the  acid  coppemr^^oei 
sulfate  solution  are  poured  into  the  flask  containing  the  zinof:K^( 
and  allowed  to  stand  at  least  8  minutes.  The  solution  may  b^^czJ'  tx 
left  in  contact  with  the  zinc  while  the  soil  extracts  are  beina  .crzxijig 
filtered.  It  is  then  poured  off  and  the  couple  washed  onc^^z^^ce 
with  water.  Tap  water  may  be  used  if  it  is  all  poured  ouTM^w^ut 
again. 

The  soil  extract  is  prepared  by  adding  300  cc.  of  anmionu 
free  water  to  100  gm.  of  air-dry  soil,  or  if  the  soil  is  high  in  organic 
matter  25  cc.  of  alumina  cream  and  275  cc.  of  water.     This  i 
allowed  to  stand  half  an  hour  with  occasional  shaking  and  i 
then  filtered.     200  cc.  of  the  soil  extract  is  poured  into  the  flas 
and  a  measureful  of  a  mixture  of  5  gm.  of  sodium  chloride  an 
1  gm.  of  magnesia  emptied  into  it.    The  rubber  stopper  of  tl 
connection  tube  is  fitted  into  the  mouth  of  the  flask,  and  tl 
delivery  end  of  the  connecting  tube  is  placed  in  the  receivin 
flask,  which  contains  the  tt  ^cid  and  sufficient  distilled  wal 
to  bring  the  volume  to  100  cc.     The  gas  is  lighted  and  the  flam 
adjusted  so  that  the  contents  of  the  flask  will  boil  in  9  to  12  mil 
utes.     The  boiling  is  continued  for  45  minutes,  during  which  tim» 
at  least  125  cc.  of  the  soil  extract  should  be  distilled  over.     Th^ 
receiving  flask  is  then  lowered  and  the  cambric  bag  washed  witl 
only  1  or  2  cc.  of  distilled  water,  so  that  no  vacuum  will  be  form< 
in  the  connection  tube.     When  the  tube  has  been  sUghtlycooh 
by  this  small  addition  of  water  more  may  be  thrown  onto  thi 
bag  where  it  is  tied  to  the  glass  tube.     This  is  the  only  part  tha* 
it  is  necessary  to  wash  as  the  steam  will  clean  out  the  bag  propei 
The  distillate  is  allowed  to  stand  about  5  minutes  after  the  dii 
tillation  is  finished  so  that  the  temperature  will  be  between  3' 
and  70°C.,  when  five  drops  of  the  p-nitrophenol  are  added  and  tl 
titration  is  made  with  the  i\  caustic  potash. 

It  sometimes  happens  that  when  the  distillation  is  run 
slowly  the  scrubbing  tube   becomes  almost   filled  with  watei^ 
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This  condition  may  be  remedied  by  turning  out  the  gas  and  as 
soon  as  a  little  of  the  receiving  solution  has  been  drawn  up  into 
the  connecting  tube  to  form  a  seal,  lowering  the  receiving  flask. 
rhe  vacuum  produced  by  the  cooling  of  the  distillation  flask 
wrill  soon  cause  the  contents  of  the  scrubbing  tube  to  be  siphoned 
>ver.  The  gas  may  then  be  lighted  and  the  distillation  started 
igain. 

DATA. 

As  high  organic  matter  in  the  solution  containing  nitrate 
generally  interferes  with  the  accuracy  of  the  determination  when 
nade  by  direct  reduction  methods,  it  seemed  desirable  to  find 
K>ine  simple  way  of  removing  the  bulk  of  soluble  organic  matter, 
to  as  to  eliminate  as  far  as  possible  any  interference  by  this  ma- 
terial with  the  free  generation  of  hydrogen. 

Aft^r  trying  a  number  of  substances  it  was  found  that  alumina 
5ream  would  clarify  the  extract  and  remove  suflScient  organic 
natter  to  permit  a  perfect  working  of  the  method. 

To  test  the  method  under  rather  extreme  conditions  an  extract  was  pre- 
:>ared  from  rotted  manure  by  adding  500  cc.  of  distilled  water  to  50  gm.  of 
:he  well  dried  material.  The  suspension  was  frequently  shaken  and  after 
itanding  2  hours  was  filtered. 

15  cc.  of  this  very  dark  brown  solution  were  added  to  each  of  five  care- 
fully prepared  100  gm.  samples  of  air-dry  greenhouse  soil.  25  cc.  of  alu- 
nina  cream  were  added  to  each  sample  and  in  addition  260  cc.  of  distilled 
ivater.  Each  sample  was  well  shaken  and  after  standing  half  an  hour 
ivas  poured  onto  a  filter;  the  first  runnings  were  poured  back  and  an  al- 
3iost  perfectly  clear  and  colorless*  filtrate  was  obtained.  200  cc.  of  each 
3f  the  filtrates  were  poured  into  Kjeldahl  flasks,  1  gm.  of  magnesia  was 
Btdded,  and  the  extract  boiled  to  half  its  volume  to  expel  ammonia.  When 
this  was  completed  the  solution,  after  standing  a  short  time,  was  cooled 
by  the  addition  of  50  cc.  of  redistilled  water  and  then  poured  onto  the 
couple,  the  flask  was  rinsed  with  approximately  35  cc.  of  distilled  water 
and  then  14.55  mg.  of  nitric  nitrogen  were  added.  The  nitrate  was  not 
added  till  just  before  beginning  the  distillation  in  order  to  eliminate  any 
errors  that  might  arise  from  manipulation  since  the  test  was  made  to 
determine  whether  distillation  with  these  reagents  would  yield  accurate 
results  in  the  presence  of  organic  matter. 

5  gm.  of  sodium  chloride  and  about  0.5  gm.  of  magnesia  were  added  to 
«ach  solution.  The  extra  amount  of  magnesia  was  put  in  to  make  up  for 
a  small  quantity  lost  in  transferring  the  solutions.  The  flasks  were  then 
connected  with  the  rest  of  the  apparatus  and  the  distillation  was  started. 
The  receiving  flasks  for  the  distillates  from  the  soil  and  manure  extracts 
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contained  25  cc.  of  standard  acid  and  those  for  the  distillates  from  the 
extracts  with  added  nitrate  45  cc.  of  acid. 

A  second  set  of  determinations,  Nos.  6  to  10,  were  made  with  a  slightly 
stronger  manure  extract  and  a  larger  quantity  of  added  nitrate.  The 
titration  of  the  distillates  gave  the  following  results. 

TABLE  I. 
Mitric  Nitrogen  Recovered  from  Soil  and  Manure  Extract. 


• 

Source  of  extract. 

Nitric  nitrocen. 

Added. 

Theoretical 
total. 

Found. 

Arerage. 

1, 

Soil  and  manure 

mg. 

0.0 

0.0 

14.55 

14.55 

14.55 

mg. 

10.85 
10.85 
25.40 
25.40 
25.40 

mg. 

10.9 

10.8 

25.15 

25.35 

25.45 

mg. 

2. 

«          ((                 u 

10  85 

3. 

U           tt                  (( 

4. 

a        «             u 

5. 

it         ((               ti 

25.31 

• 

6. 

((          It                 u 

0.0 

0.0 

.   15.2 

15.2 

15.2 

11.93 
11.93 
27.13 
27.13 
27.13 

12.00 
11.85 
26.95 
27.05 
27.15 

7. 

it        it             ft 

11.93 

8. 

It        tt             tt 

9. 

tt        tt             tt 

10. 

tt        tt             tt 

27.05 

The  superiority  of  this  method  of  distilling  from  a  solution 
made  alkaUne  with  only  1  gm.  of  magnesia  is  readily  apparent. 

Allen,"  appreciating  its  advantage  says:  ''A  very  large  amount  of  effort 
was  spent  in  this  work  in  an  attempt  to  obtain  a  reliable  and  accurate 
method  by  the  reduction  in  the  presence  of  MgO  and  distillation  with  an 
ordinary  Kjeldahl  rack,  a  method  which  would  be  extremely  simple  and 
rapid." 

The  low  alkalinity  produced  by  this  quantity  o{  oxide  practi- 
cally eliminates  any  possibiUty  of  breaking  down  organic  mate- 
rial in  the  soil  extracts. 

To  test  the  action  of  this  alkaU  on  organic  material  duplicate 
determinations  were  run  with  distilled  water  to  which  had  been 
added  10  nig.  of  nitric  nitrogen  and  approximately » 10  mg.  of 
nitrogen  as  urea,  sodium  asparaginate,  glycocoU,  peptone,  or 
dried  blood.  The  averages  of  the  duplicate  determinations  are 
given  in  Table  II. 

•Allen,  K.  R.,  J.  Itul.  and  Eng.  Chcm.,  1915,  vii,  521. 
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TABLE  IL 
Nitric  Nitrogen  Recovered  wit?ioiU  Uydrolyns  of  Organic  Sttbstances. 


Substance. 


f-^rea 

^Sodium  asparaginate 

Cjlycocoll 

i^eptone 

IDried  blood 


Orsanio  nitrocen. 
Quantity. 

Nitrogen. 

Nitric 
quantity. 

Total. 

Material. 

Nitrogen. 

mg. 

mg. 

mg. 

mg. 

21 

9.79 

10.0 

19.79 

122 

9.88 

10.0 

19.88 

54 

10.04 

10.0 

20.04 

66 

9.78 

10.0 

19.78 

91 

12.79 

10.0 

22.79 

Recovered. 

mg. 
9.95 

9.93 
9.94 
9.92 
9.99 


A  detennination  made  with  a  solution  containing  only  urea 
3delded  only  the  small  quantity  of  ammonia  contained  in  the 
cjistilled  water. 

Probable  Error. 

As  the  results  obtained  with  this  method  were  accurate  it 
seemed  desirable  to  ascertain  the  probable  error  occurring  under 

TABLE  IIL 
Tke  Probable  Error  of  a  Nitric  Nitrogen  Determination, 


Nitric  nitfoffen  recovered. 

Theoniical  value 

3.00 

25.00 

Experiment  No. 

mg. 

mg. 

1 

3.00 

24.90 

2 

2.98 

24.90 

3 

3.01 

25.00 

4 

2.98 

24.80 

5 

3.03 

24.90 

6 

3.00 

25.00 

7 

2.95 

24.80 

8 

3.00 

25.10 

9 

3.02 

24.80 

10 

2.97 

24.92 

11 

2.97 

24.95 

12 

2.90 

24.96 

Average 

2.98 

24.92 

Deviation  from  theoretical  value 

-0.02 

-0.08 

Probable  error 

=*=0.007 

=^0.044 

% 
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the  regular  procedure.  Freshly  prepared  couples  were  accord- 
ingly made  for  twelve  determinations  with  3  mg.  and  twelve 
with  25  mg.  of  nitric  nitrogen  and  the  probable  error  of  a  single 
determination  calculated  from  the  results  obtained  by  the  method 
of  least  squares. 

The  low  probable  error  shows  that  the  method  may  be  em- 
ployed where  the  most  accurate  results  are  desired. 

DISCUSSION. 

The  author  has  found  that  some  couples  will  yield  good  results— 
without  renewing  them  for  four  distillations  when  there  is  ass=^ 
much  as  25  mg.  of  nitric  nitrogen  to  be  reduced.     Such  resultaK* 
depend  on  the  age  of  the  zinc,  the  quaUty  of  the  couple  formed^ 
and  possibly  other  factors.     Because  of  the  complexity  of  thi^ 
condition  the  author  does  not  recommend  the  repeated  use  of  m. 
couple  where  more  than  5  mg.  of  nitric  nitrogen  are  to  be  deter- 
mined and  even  then  if  it  is  a  good  couple  it  should  not  be  usedi 
for  more  than  four  determinations.     For  the  present,  until  some 
method  is  found  either  for  improving  or  for  estimating  the  con- 
dition of  a  couple,  it  should  be  renewed  before  each  determina- 
tion.    When  the  couple  is  to  be  employed  without  recoppering 
it  should  be  washed  once  and  used  as  soon  as  possible  after  dis- 
tillation is  finished.     The  couple  should  not  be  left  standing  in 
the  residue  of  a  distillation  over  night  for  the  magnesia  cakes 
around  the  zinc  which  is  then  very  difficult  to  clean  even  by  the 
acid  treatment.     If  the  zinc  is  washed  shortly  after  a  distillation 
a  good  couple  can  be  made  simply  by  adding  the  required  amount 
of  acid  copper  sulfate  solution.     It  is,  however,  well  to  treat  the 
zinc  with  1  per  cent  sulfuric  acid  solution  every  3  or  4  days  to 
insure  the  formation  of  a  good  couple. 

If  the  solution  containing  the  nitrate  is  strongly  alkaline  it 
should  be  acidified  with  sulfuric  acid  and  an  excess  of  magnesia 
added  because  strong  alkalinity  interferes  with  the  generation  of 
hydrogen  by  this  couple. 

SUMMARY. 

1.  A  new  method  for  the  determination  of  nitric  nitrogen  is 
described.     A  zinc-cof)per  couple  will  reduce  a  nitrate  in  solution 
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boiling  point;  therefore  the  reduction  proceeds  during  the 
ition.  2.  A  simple  apparatus  has  been  made  to  give  excel- 
3sults  with  this  method.  3.  Accurate  results  are  obtained 
solutions  high  in  organic  matter  if  they  are  clarified  with 
11  quantity  of  alumina  cream.    4.  Unstable  organic  matter 

broken  down  by  this  procedure,  owing  to  the  slight  alka- 

produced  by  1  gm.  of  magnesia.     5.  The  probable  error 

that  the  method  is  accurate. 
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THE  MECHANISM  OF  THE  DIFFUSION  OF  ELECTRO- 
LYTES THROUGH  THE  MEMBRANES  OF 

LIVING  CELLS. 

X.    THE   NECESSITY  OF  A  GENERAL  SALT   EFFECT   UPON  THE 
MEMBRANE  AS  A  PREREQUISITE  FOR  THIS  DIFFUSION. 

By  JACQUES  LOEB. 
i^From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research,) 

(Received  for  publication,  September  11,  1916.) 

INTRODUCTION. 

In  this  series  of  publications  the  writer  intends  to  prove  the 
existence  of  what  he  believes  to  be  a  new  principle  in  the  mechan- 
ism of  the  diffusion  of  certain  electrolytes  through  the  membranes 
of  Uving  organs  or  cells;  namely,  that  this  diffusion  depends, 
in  addition  to  the  osmotic  pressure  of  the  electrolyte,  upon  a 
second  effect  which  he  calls  the  general  ''salt  effect"  upon  the 
membrane  (or  certain  constituents  of  the  membrane).*  Last 
year  Loeb  and  Cattell  published  the  observation'  that  when  eggs 
of  Fundulus  were  washed  for  24  hours  in  distilled  water  and  then 
transferred  to  a  solution  of  a  potassium  salt,  it  took  a  longer 
time  before  the  hearts  of  the  embryos  inside  the  egg  stopped 
beating  than  when  the  eggs  were  transferred  directly  from  sea 
water  into  the  same  solution  of  the  potassium  salt.  This  result 
was  ascribed  by  us  to  the  fact  that  in  the  distilled  water  the  eggs 
lose  the  salts  which  are  in  chemical  combination  with  the  sur- 
face or  the  superficial  layer  of  the  membrane,  and  that  this 
lack  of  salts  at  the  surface  was  the  reason  for  the  retardation  of 
the  diffusion  of  the  potassium  salts  into  the  egg.  This  view  was 
supported  by  the  measurements  of  the  osmotic  pressure  of  the 
juice  pressed  out  from  washed  and  unwashed  eggs,'  the  osmotic 

*  Loeb,  J.,  Proc.  Nat.  Acad.  Sc.^  1916,  ii,  511. 

*  Loeb,  Proc.  Nat.  Acad.  Sc,  1915,  i,  473.  Loeb,  J.,  and  Cattell,  McK.. 
J,  Biol.  Chem.,  1915,  xxiii,  41. 

•Loeb,  J.,  and  Wastencys,  H.,  J.  Biol.  Chem.,  1915,  xxiii,  157. 
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pressure  of  the  latter  beings  a  trifle  higher.  It  is  our  intention 
to  show  in  this  paper  that  the  diffusion  of  KCl  into  washed  eggs 
can  be  accelerated  by  adding  to  the  KCl  solution  a  moderate 
amount  of  salt;  e.g.,  sea  water  or  a  mixture  of  NaCl  and  CaCU 
or  NaCl  alone,  thus  proving  that  the  retardation  of  the  diffusion 
of  potassium  salts  into  washed  eggs  is  due  to  the  lack  of  salts 
at  the  surface  of  the  egg  membrane.  The  presence  of  these  salts 
at  the  external  surface  of  the  egg  membrane  furnishes  that  second 
factor — the  salt  effect — required  for  the  diffusion  of  the  potas- 
sium salts.  When  washed  eggs  are  put  into  a  piu-e  solution  of 
KCl  the  diffusion  of  the  latter  salt  into  the  egg  (t.6.,  through  the 
external  surface  or  layer  of  the  membrane)  is  delayed  until  so 
much  KCl  has  combined  with  certain  elements  of  the  surface  of 
the  membrane  as  to  supply  the  "salt  effect." 

Before  entering  into  a  description  of  the  experiments  it  will 
be  well  to  prove  that  we  are  dealing  in  these  experiments  with 
an  action  upon  the  membrane  of  the  egg  and  not  upon  the  em- 
bryo or  upon  its  heart.     It  is  one  of  the  shortcomings  of  the 
usual  experiments  on  salt  action  that  we  are  at  a  loss  to  decide 
whether  we  are  dealing  with  a  salt  action  on  the  membrane  or 
on  the  adjacent  protoplasm.     Thus  when  we  find  that  CaCU 
inhibits  the  twitching  of  muscles  or  nerves  caused  by  Na2S04,  Naj 
citrate,  or  N(C2H5)4C1,  we  may  be  in  doubt  whether  this  is  due 
to  a  prevention  of  the  diffusion  through  the  membrane  or  to  an 
action  of  Ca  upon  the  living  protoplasm,  though  the  evidence 
speaks  in  favor  of  the  former  possibility.*     In  the  experiments 
on  the  eggs  of  Fundulus  we  are  relieved  of  this  difficulty  since 
we  can  always  compare  the  action  of  the  salt  on  the  egg  with 
its  action  upon  the  embryo  just  hatched  and  thus  freed  from  the 
protection  of  the  egg  membrane.     Such  a  comparison  gives  us 
the  certainty  that  in  our  experiments  we  are  dealing  with  the 
effects  of  salts  upon  the  egg  membrane  which  we  must  con- 
ceive as  impermeable  for  water  and  nearly  impermeable  for  salts. 

We  shall  see  in  this  paper  that  an  m/8  solution  of  KCl  eauses 
cessation  of  the  heart  beat  of  the  embryo  in  the  washed  egg  within 
a  certain  time,  that  the  addition  of  a  definite  but  small  quan- 
tity of  the  salts  of  sea  water  or  of  NaCl  and  CaCU  accelerates 

*Loeb,  J.,  and  Ewald,  W.  R,  /.  Biol.  Chem.,  1916,. xxv,  377. 
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the  poisoning,  and  that  a  g^lightly  higher  concentration  of  the 
same  salts  inhibits  the  poisoning.  That  all  these  phenomena 
are  due  to  an  action  on  the  membrane  of  the  egg  is  proved  by 
the  fact  that  two  salts  utterly  incompatible  with  the  life  of  .the 
embryo  or  with  heart  action,  e.g.,  NaNOs  +  MnCU,  will  produce 
the  same  effect  as  NaCl  +  CaCU.  This  would  be  impossible 
of  explanation  on  any  other  basis  than  that  NaCl  +  CaCh  as 
'well  as  NaNOs  +  MnCU  produce  the  salt  effect  as  well  as  the 
antagonistic  effect  by  acting  on  the  membrane  of  the  egg  and 
Jiot  by  acting  on  the  heart  or  the  embryo. 

In  1905^  the  writer  expressed  the  idea  that  the  antagonistic 
acti6n  of  traces  of  a  salt  with  bivalent  cation  to  high  concen- 
trations of  a  salt  with  univalent  cation  in  the  egg  of  Fundulus 
was  due  to  a  prevention  of  the  diffusion  of  the  latter  salt  through 
the  membrane;  and  this  conclusion  was  based  on  the  following  fact. 
When  newly  fertilized  eggs  are  put  into  a  5/8  m  NaCl  solution  no 
^g  can  form  an  embryo,  while  the  addition  of  a  trace  of  ZnS04, 
lead  acetate,  MnCU,  or  practically  of  any  salt  with  a  bivalent 
cation,  allowed  all  or  many  of  the  eggs  to  form  embryos.  When, 
however,  the  newly  hatched  fish  is  put  into  a  5/8  m  NaCl  solution 
it  dies  even  more  quickly  if  a  trace  of  ZnS04  or  lead  acetate  or 
MnCU  is  added  than  in  the  pure  5/8  m  NaCl  solution.  For  the 
embryo  outside  the  membrane  of  the  egg  only  Ca  or  Sr  or  Mg 
can  be  used  as  antagonists  to  higher  concentrations  of  NaCl. 
This  shows  that  the  prolongation  of  the  life  of  the  egg  in  a 
5/8  M  NaCl  solution  through  the  addition  of  a  bivalent  cation  is 
due  to  a  modification  of  the  membrane  by  the  latter  whereby 
the  membrane  is  rendered  impermeable  for  these  salts. 

Moreover  when  we  put  the  eggs  of  Fundulus  with  beating 
hearts  into  a  pure  3  m  solution  of  NaCl  the  eggs  are  killed  in 
about  3  hours  while  they  hve  for  3  to  5  days  when  we  add  the 
proper  amount  of  Ca.*  We  can  prove  with  certainty  that  the 
Ca  acts  by  preveftting  the  diffusion  of  the  NaCl  into  the  egg, 
since  if  we  put  the  newly  hatched  embr>'os  into  the  same  3  m 
NaCl  +  CaCU  solution  in  which  the  unhatched  embryo  of  the 
same  age  lives  3  to  5  days,  they  die  in  less  than  10  minutes.  The 
young  larvae  of  the  fish  freed  from  the  membrane  cannot  live 

*Loeb,  Arch.  ges.  Physiol.,  1905,  cvii,  252. 

•  Loeb,  Science,  1912,  xxxvi,  637;  Biochem.  Z.,  1912,  xlvii,  127. 
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in  a  solution  of  NaCl  +  CaCU  higher  than  10/8  m.'  Hence 
we  may  be  certain  that  only  traces  of  a  solution  of  3  m  NaCl  + 
CaCU  diffuse  through  the  membrane  of  the  eggs  so  that  it  takes 
from  3  to  5  days  to  allow  so  much  NaCl  +  CaClj  to  diffuse 
through  the  membrane  as  is  required  to  raise  the  concentration 
inside  the  membrane  to  10/8  m  or  above. 

This  statement  can  be  corroborated  by  determinations  of  the 
specific  gravity  of  fertiUzed  eggs  of  Fundulus,    The  method  of 
these  experiments  consisted  in  ascertaining  the  concentration 
of  NaCl  solution  in  which  the  eggs  were  just  able  to  float.     The 
normal  egg  of  Fundulus  has  a  specific  gravity  higher  than  sea. 
water  but  less  than  that  of  a  14/8  m  NaCl  solution.*    Thus  it 
was  ascertained  that  eggs  kept  for  6  days  in  sea  water  floated 
in  14/8  M  and  sometimes  in  13/8  m  NaCl;  eggs  of  the  same  fe- 
male kept  6  days  in  distilled  water  floated  in  13/8  m  NaCl  and 
sometimes  in  12/8  m  NaCl;  eggs  kept  for  3  days  in  3  m  NaCl  + 
CaCl2  sank  at  first  in  a  15/8  m  NaCl  solution  but  rose  again  m 
a  few  minutes  and  remained  at  the  surface  (after  having  lost  the 
salt  solution  which  adhered  at  their  surface  when  first  brought 
into  the  15/8  m  NaCl  from  the  3  m  NaCl  +  CaClj  solution). 
They  were  not  able  to  float  in  a  14/8  m  NaCl  solution.     This 
experiment  gives  an  indication  of  how  slowly  a  balanced  solu- 
tion or  H20  diffuses  into  or  through  the  membrane.     In  a  3  m 
NaCl  +  CaCU  solution  the  specific  gravity  of  eggs  increased  in  3 
days  only  about  7  per  cent  and  in  HaO  the  specific  gravity  dimin- 
ished to  about  the  same  amount  in  6  days. 

Since  from  our  experiments  we  drew  conclusions  upon  the 
diffusion  of  KCl  through  the  membrane  of  the  egg  it  may  be 
well  to  show  the  difference  of  the  action  of  KCl  solutions  upon 
the  embryo  when  inside  the  membrane  and  when  freed  from  the 
membrane.  The  embryo  inside  the  egg  can  live  more  than  a 
week  in  a  pure  m/16  KCl  solution,  especially  when  the  egg  is 
previously  washed  in  H2O  or  in  dilute  sea  Vater;  e.g.,  m/80. 
The  fish  themselves  succumb  to  a  pure  m/16  KCl  solution  in 
less  than  1  hour,  no  matter  whether  they  are  put  directly  into 
the  m/16  KCl  solution  from  normal  (m/2)  sea  water  or  whether 
they  are  previously  kept  for  6  days  in  m/80  sea  water.     In  the 

^Loeb,  Biochem.  Z.,  1913,  liii,  391. 
»  Loeb,  Biochem.  Z.,  1912,  xlvii,  127. 
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:iewly  hatched  fish  the  heart  stopped  beating  in  an  m/8  KCl 
solution  in  considerably  less  than  30  minutes,  often  in  10  minutes, 
iw^hile  the  embryos  of  the  same  lot  of  eggs  but  still  inside  the  mem- 
Drane  were  not  poisoned  by  the  same  KCl  solution  in  24  hours, 
3ind  if  the  eggs  were  previously  washed  in  H2O  or  m/80  sea  water 
Dhey  could  live  in  such  a  solution  as  long  as  6  days.  This  proves 
that  H2O  as  well  as  the  salts  penetrate  the  membrane  extremely 
alowly  and  that  the  salt  effect  as  well  as  the  antagonistic  salt 
action  to  be  described  in  this  paper  are  due  to  modifications  of 
the  egg  membrane  and  not  to  an  action  upon  the  embryo  itself. 
In  our  experiments  we  generally  only  modify  the  salt  contents 
of  the  external  surface  or  layer  of  the  egg  membrane.  The  inter- 
nal layer  is  in  contact  with  the  Uquid  of  the  egg,  e.g.,  a  solution 
with  a  freezing  point  depression  of  between  0.75  and  0.77^.' 
It  is  probable  that  the  osmotic  pressure  of  the  liquid  inside  the 
egg  is  furnished  chiefly  by  electrolytes.  This  hquid  is  generally 
not  affected  by  the  washing  of  the  eggs. 

/.  The  Difference  in  the  Rate  of  Diffusion  of  Potassium  Salts  into 

Washed  and  Unwashed  Eggs. 

Eggs  washed  for  24  hours  in  distilled  water  and  unwashed 
eggs  (taken  directly  from  sea  water)  were  put  into  different 
concentrations  of  a  potassium  salt,  e.g.y  KCl  or  K2SO4,  and  after 
definite  intervals  the  rate  of  poisoning  in  the  two  sets  of  eggs 
was  ascertained  by  counting  the  percentage  of  hearts  still  beat- 
ing in  each  solution.  The  smaller  this  percentage  at  a  given 
time,  the  greater  the  rate  of  poisoniixg.  Each  solution  contained 
about  twenty  eggs  (about  1  week  old  and  with  heart  beat  and 
circulation  well  established).  Tables  I  and  II  show  the  differ- 
ence in  the  rate  of  poisoning  between  the  washed  and  unwashed 
eggs.  This  difference  corresponds  exactly  with  our  theory. 
The  unwashed  eggs  (Table  I)  contain  at  the  beginning  enough 
salt  at  the  surface  of  their  membrane  to  permit  the  rapid  dif- 
fusion of  K2SO4  into  the  egg.  Accordingly  we  notice  that  in 
all  solutions  a  sharp  drop  in  the  percentage  of  beating  hearts 
occurs  during  the  first  2  or  3  hours,  during  which  time  the  sur- 
face of  the  membrane  has  still  enough  salt  for  the  salt  effect. 
After  this  period  the  further  drop  in  the  percentage  of  heart 
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TABLE  I. 


After 

PercentaKe  of  unwashed  engs  (taken  directly  from  eea  water)  with 

beating  hearts  in  KtSOi. 

M/2 

M/4 

M/8 

M/16 

m/32 

M/64 

M/128 

11/256 

i 
1 

2 

5 

11 

22 

48 

78 

123 

175 

267 

343 

80 

50 

0 

85 
75 
30 
20 
10 
10 
0 

100 
80 
50 
45 
40 
35 
15 
10 
5 
0 

100 
80 
50 
45 
40 
40 
40 
35 
25 
35 
0 

100 
75 
65 
45 
40 
55 
45 
40 
30 
30 
5 
0 

100 
75 
50 
50 
50 
55 
50 
55 
45 
20 
0 
0 

100 
95 
95 
80 
65 
70 
70 
65 
60 
45 
5 
0 

100 
100 
95 
80 
70 
70 
70 
70 
75 
75 
15 
0 

beats  is  slow,  for  the  reason  that  by  this  thne  the  greater  amouim 
of  salts  of  the  sea  water  has  diffused  from  the  surface  of  th 
membrane  into  the  outside  solutions.     From  now  on  the  furthe 
diffusion  of  K2SO4  into  the  egg  is  retarded  until  enough  of  this 
salt  has  entered  into  combination  with  the  outer  surface  {or 
layer)  of  the  membrane  to  supply  the  general  salt  effect. 

On  the  other  hand,  the  washed  eggs  (Table  II)  contain  at  the 
beginning  no  or  only  an  inadequate  amount  of  salt  at  the  sur- 
face of  their  membrane,  and  hence  according  to  our  theory  the 
diffusion  of  K2SO4  through  the  membrane  should  be  impossible. 
A  glance  at  Table  II  shows  that  this  is  the  case,  inasmuch  as 
during  the  first  2  hours  not  a  single  heart  stops  beating  in  the 
solutions  below  m/2  K2SO4  and  during  the  first  12  hours  none 
stop  beating  in  the  solutions  below  m/8  K2SO4.  The  diflfusion 
of  K2SO4  into  the  washed  (»ggs  can  only  begin  after  enough  KsS04 
has  combined  with  the  outer  surface  or  layer  of  the  membrane 
to  furnish  the  gen(»ral  salt  effect  required  for  the  diffusion  of  the 
potassium  salts  through  the  membrane.  This  happens  the  more 
rapidly  the  higher  the  concentration  of  the  K2SO4  solutions. 
After  once  the  surface  of  the  membrane  is  supplied  with  the 
necessarj^  amount  of  salt  for  the  salt  effect,  the  hearts  stop  beat- 
ing rather  rapidly. 
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TABLE  II. 


After 

Peroentace  oi  washed  em  with  beatinc  hearts;  i.  e..  of  eggs  kept  for  24  hr*. 
in  distiUed  water  before  oetns  put  into  KsSO^. 

• 

K/2 

11/4 

ii/8 

if/16 

M/32 

M/M 

if/128 

if/256 

kn. 

1 

90 

100 

100 

100 

100 

100 

100 

100 

2 

35 

100 

100 

100 

100 

100 

100 

100 

4 

0 

75 

100 

100 

100 

100 

100 

100 

12 

50 

100 

100 

100 

100 

100 

100 

23 

5 

85 

100 

100 

100 

100 

100 

47 

0 

80 

100 

95 

85 

100 

100 

78 

0 

80 

100 

90 

80 

95 

100 

123 

40 

92 

90 

50 

85 

95 

177 

15 

70 

50 

45 

55 

75 

268 

5 

5 

10 

0 

5 

15 

343 

0 

0 

0 

0 

0 

0 

It  may  perhaps  be  desirable  to  follow  these  results  a  little 
more  in  'detail.     We  begin  with  the  m/8  K2SO4  solution. 

Half  of  the  unvxished  eggs  stop  beating  in  an  m/8  K2SO4  solu- 
tion in  2  hours  (Table  I),  while  not  a  single  one  of  the  washed 
eggs  shows  a  cessation  of  the  heart  beat  in  the  same  time  in  an 
m/8  K2SO4  solution  (Table  II),  and  only  a  sUght  poisoning  effect 
appears  in  the  washed  eggs  in  an  m/8  K2SO4  solution  until  the 
4th  day.  From  that  time  on  a  more  rapid  increase  in  the  per- 
centage of  poisoned  hearts  is  found  in  the  washed  eggs  owing 
to  the  gradual  production  of  a  salt  effect  upon  the  membranes 
by  the  m/8  K2SO4  solution  itself.  In  the  unwashed  eggs  there 
is  a  rapid  drop  in  the  percentage  of  beating  hearts  during  the 
first  few  hours  (Table  I);  after  this  time  the  number  of  eggs 
with  beating  hearts  remains  almost  constant,  since  the  salts 
have  diffused  away  from  the  surface  of  the  eggs  into  the  out- 
side solutions.  From  now  on  the  further  salt  effect  upon  the 
membrane  has  to  be  supplied  by  the  m/8  KCl  solution  itself. 
This  is  a  slow  process  and  w^e  therefore  notice  a  very  slow  in- 
crease in  the  percentage  of  poisoned  eggs  after  the  first  6  hours 
in  the  imwashed  eggs  (Table  I).  The  same  difference  exists 
for  the  m/16,  m/32,  and  M/64  K2SO4  solution.  Half  of  the 
unwashed  eggs  stop  beating  in  these  solutions  in  the  first  3  hours, 
owing  to  the  presence  of  the  salts  of  the  sea  water  at  the  surface 
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of  the  membrane;  while  it  requires  a  week  or  more  before  the 
same  effect  is  produced  in  the  washed  eggs  by  the  same  solutions. 

In  the  m/4  solution,  70  per  cent  of  the  unwashed  eggs  had 
stopped  beating  in  the  first  2  hours  (Table  I),  while  not  a  single 
one  of  the  washed  eggs  (Table  II)  was  poisonjsd  in  this  time, 
owing  to  the  lack  of  salts  at  the  surface  of  the  latter  and  of  theiir 
presence  at  the  surface  of  the  unwashed  eggs.    After  this  time 
the  m/4  K2SO4  is  beginning  to  produce  the  salt  effect  and  now  th^ 
washed  eggs  are  poisoned  almost  as  rapidly  as  the  unwashed, 
eggs.    This  is  shown  also  in  the  fact  that  it  requires  about  aer 
much  time  to  poison  the  last  egg  of  the  imwashed  as  of  the  washed 
eggs  in  the  m/4  K2SO4  and  the  weaker  solutions.     In  the  m/2 
K2SO4,  the  difference  between  the  washed  and  imwashed  eggs 
becomes  less  marked  simply  because  the  m/2  K2SO4  solution  can 
produce  the  salt  effect  upon  the  membrane  of  the  washed  eggs 
more  rapidly. 

Similar  observations  as  in  the  case  of  K2SO4  were  made  in 
regard  to  the  effect  of  KCl  solutions  upon  washed  and  unwashed 
eggs.  Thus  more  than  50  per  cent  of  the  hearts  of  unwashed 
eggs  ceased  to  beat  in  an  m/8  KCl  solution  after  less  than  IJ 
hours  while  50  per  cent  of  the  hearts  in  the  washed  eggs  were 
still  beating  after  2  days  in  the  same  solution. 

These  experiments  therefore  harmonize  with  the  idea  that  the 
rapidity  of  the  diffusion  of  a  potassiun^  salt  through  the  membrane 
of  the  egg  of  Fundulus  depends,  in  addition  to  the  osmotic  pres- 
sure of  the  KCl  solution,  upon  the  presence  or  absence  of  salt  at 
the  surface  or  the  superficial  layers  of  this  membrane. 

//.  The  Acceleration  oj  the  Diffusion  of  KCl  through  the  Addition  of 

a  Moderate  Amount  of  a  Different  Salt,  and  the  Retardation  of 

this  Diffusion  by  the  Addition  of  a  Greater  Amount  of  Salt, 

We  can  prove  the  correctness  of  the  last  statement  by  putting 
washed  eggs  of  Fundulus  (a)  into  pure  m/8  KCl  solutions  and  (6) 
into  m/8  KCl  solutions  to  which  some  sea  water  or  some  other 
salt  solution  has  been  added.  If  it  is  true  that  the  hearts  of 
the  washed  eggs  in  the  previous  experiments  stopped  so  much 
later  because  their  membranes  did  not  contain  enough  salt,  the 
addition  of  some  sea  water  or  some  other  salt  solution  should 


Jacques  Loeb 


347 


Accelerate  the  poisoning  of  washed  eggs  in  an  m/8  KCl  solution; 
and  the  mor^  so  the  higher  (up  to  a  certain  limit)  the  qoncen- 
t^ration  of  the  sea  water.  Eggs  were  put  for  24  hours  in  H2O 
Cafter  having  been  washed  three  times  in  H2O)  and  were  then 
ciistributed  in  m/8  KCl  solutions  made  up  in  H2O  and  in  increas- 
ing concentrations  of  sea  water  up  to  normal  sea  water.  We 
oall  the  concentration  of  our  sea  water  m/2  although  it  is  a  trifle 
liigher,  and  we  call  twice  diluted  sea  water  m/4,  and  so  on.  Table 
HI  gives  the  result  of  the  experiment. 

TABLE  in. 


Percentage  of  washed  eggs  with  beating  hearts 

in  sea  water  or  HiO. 

in  if/8  KCl  made 

\  up 

After 

Sea  water. 

HiO 

M/2 

ii/4 

if/8 

M/16 

if/32 

M/M 

M/128 

M/256 

i<^ 

1 

24 

70 

46 

65 

63 

72 

85 

82 

96 

2 

10 

20 

30 

44 

55 

65 

55 

63 

80 

3 

35 

0 

16 

34 

28 

42 

55 

50 

55 

4 

30 

0 

8 

8 

14 

36 

20 

37 

45 

5 

10 

0 

4 

0 

9 

27 

15 

25 

25 

6 

0 

0 

0 

0 

9 

18 

15 

18 

15 

7 

0 

0 

0 

0 

9 

13 

10 

6 

0, 

While  it  was  more  than  3  days  until  50  per  cent  of  the  hearts 
of  the  washed  eggs  stopped  beating  when  put  into  a  pure  m/8 
KCl  solution,  in  an  m/8  KCl  solution  in  undiluted  sea  water  it 
took  considerably  less  than  a  day,  and  in  an  m/8  KCl  solution 
made  up  in  twice  diluted  (m/4),  four  times  diluted  (m/8),  and 
eight  times  diluted  (m/16)  sea  water  it  took  less  than  2  da3rs. 
In  m/8  KCl  dissolved  in  m/128  and  m/256  sea  water  the  eggs 
behaved  as  they  did  in  the  pure  m/8  KCl  solutions.  This  proves 
that  our  contention  was  correct  that  the  difference  between  the 
rate  at  which  washed  and  imwashed  eggs  were  poisoned  by 
the  solution  of  potassium  salt  was  due  to  lack  of  salts  on  the  sur- 
face (or  the  superficial  layer)  of  the  membrane.  Another  in- 
teresting fact  appears  in  these  experiments,  m/4  sea  water, 
while  less  eflScient  during  the  first  2  days  of  the  experiment  than 
undiluted  sea  water,  becomes  more  efficient  from  the  3rd  day  on; 
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because,  as  we  assume,  the  amount  of  salts  which  diffuses  into 
the  surface  layer  of  the  membranes  in  the  undiluted  sea  water^ 
exceeds  the  quantity  required  for  the  acceleration  of  the  diffu — 
gion  of  KCl  and  the  opposite  eflfect  is  produced;  namely,  a  retarda — 
tion  (antagonistic  salt  action). 

Since  the  sea  water  contains  a  small  amount  of  KCl  it  wasr 
necessary  to  show  that  the  substitution  of  a  ph3rsiologica]ly  bal — 
anced  salt  solution  (free  from  KCl)  for  sea  water  gives  the  sam^ 
result.  Such  a  solution  affords  us  also  an  opportimity  to  prov^ 
that  while  the  addition  of  a  moderate  amount  of  salt  {e.g.,  m/8  or^ 
m/4)  accelerates  the  rate  of  diffusion  of  m/8  KCl  into  the  washedE^ 
eggs,  a  slightly  higher  concentration  of  NaCl  +  CaClt,  m/2  or  m/1^ 
has  the  opposite  effect;  namely,  (p  retard  or  prevent  the  diffusiorm. 
of  KCl  into  the  egg,  with  the  exception  of  the  first  hour  or  more  , 
when  they  also  accelerate  the  diffusion. 

Eggs  washed  for  24  hours  in  H2O  were  distributed  into  m/8 
KCl  solutions  made  up  in  HsO  and  in  different  concentrations 
of  >NaCl  +  CaCli  (in  the  proportion  in  which  these  salts  are 
contained  in  sea  water,  100  molecules  of  NaCl  to  1.75  molecules 
ofCaCU). 

TABLE  IV. 


Peroentage  of  washed  eggB  with  beatinc  hearts  in  u/S  KCl  in 

NaCl  +  CaCborHiO. 

After 

NaCl  +  CaCli 

HsO 

M/l 

if/2 

M/4 

if/8 

M/16 

M/32 

uM 

v/128 

H/356 

iay» 

1 

100 

73 

74 

90 

95 

96 

87 

75 

85 

96 

2 

100 

77 

38 

64 

85 

84 

66 

40 

85 

80 

3 

100 

77 

9 

20 

40 

25 

53 

20 

85 

55 

4 

100 

73 

0 

0 

25 

10 

50 

20 

80 

45 

5 

100 

67 

0 

0 

20 

10 

47 

20 

70 

25 

W(»  notice  the  same  fact  as  in  the  experiment  with  sea  water; 
namely,  that  if  an  m/8  K(?1  solution  is  made  up  in  m/4  or  m/8 
solution  of  NaCn  +  CaCl2  the  velocity  with  which  KCl  diffuses 
into  the  egg  is  accelerated,  thus  proving  that  the  action  of  sea 
water  was  not  due  to  the  KCl  it  contained.  Thus  after  3  dsLys, 
more  than  50  per  cent  of  the  eggs  had  still  beating  hearts  in  the 
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Hire  M,'8  KCl  solutions,  while  in  the  m/8  KCl  solution  made  up 
D  m/4  NaCl  +  CaCU  only  9  per  cent  had  beating  hearts.  After 
»  days  all  the  hearts  had  stopped  beating  in  m/8  KCl  solutions 
aade  up  in  m/4  and  m/8  NaCl  +  CaClj  while  in  the  pure  m/8 
^Cl  solutions  still  45  per  cent  of  the  eggs  had  beating  hearts. 

The  m/8  KCl  solution  made  up  m  m/2  NaCl  +  CaCl,  is  of 
pecial  interest.  During  the  1st  day  (and  very  probably  dur- 
ag  the  first  hours  of  the  1st  day)  the  number  of  eggs  with  beat- 
ag  hearts  fell  to  73  per  cent  while  in  the  pure  m/8  KCl  solution 
b  fell  only  to  96  per  cent.  Therefore  the  m/2  NaCl  +  CaCU 
.t  first  accelerates  the  diffusion  of  KCl  through  the  membrane. 
Hiis  is  quite  inteUigible  on  the  basis  of  owr  theor>\  The  equiUb- 
ium  between  the  surface  of  the  membrane  and  the  salt  solu- 
ion  was  not  established  at  once  but  only  gradually,  and  before 
he  equiUbrium  was  complete  there  existed  a  condition  in  which 
he  membrane  had  as  much  salt  as  corresponded  to  the  equilib- 
iimi  with  an  m/8  and  later  a  m/4  solution  of  NaCl  +  CaClj  which  • 
^M^lerate  the  diffusion.  During  this  period  27  per  cent  of  the 
ggs  were  poisoned.  Then  more  salt  entered  into  combination 
^th  the  membrane  and  the  opposite  result  was  produced;  namely, 
n  impermeability  to  m/8  KCl.  We  therefore  see  that  during 
he  next  4  days  no  more  eggs  were  poisoned  with  KCl.  In  the 
i/l  NaCl  +  CaClj  this  latter  condition  was  produced  so  rapidly 
hat  there  was  no  chance  for  the  diffusion  of  enough  KCl  into 
he  eggs  to  cause  the  cessation  of  heart  beats.  All  the  hearts 
fere  still  beating  in  one  experiment  in  an  m/8  KCl  solution 
aade  up  in  m/1  NaCl  +  CaCl,  +  MgCU  +  MgSO*  after  19 
lays,  when  the  experiment  was  discontinued. 

The  preceding  experiments  have  shown  that  the  acceleration 
f  the  rate  of  poisoning  with  m/8  KCl  in  m/8  or  m/4  sea  water 
I  due  to  a  salt  action  upon  the  membrane.  We  can  also  show 
hat  the  prevention  of  the  poisoning  by  an  m/8  KCl  solution 
hrough  a  m/1  or  m/2  solution  of  NaCl  +  CaCU  is  not  due  to 
n  action  of  these  latter  salts  upon  the  heart,  but  to  an  action 
pon  the  menabrane.  This  proof  is  furnished  by  the  fact  already 
lentioned  in  the  introduction,  that  a  solution  utterly  incom- 
atible  with  the  activity  of  the  heart  of  Fundulus,  e,g,y  NaNOj  + 
InClj,  acts  in  the  same  way  as  NaCl  +  CaCU,  as  shown  in 
'able  V.     Eggs  washed  24  hours  in  HjO  were  put  into  m/8  KCl 
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made  up  in  H2O  and  different  concentrations  of  NaNOj  +  Mn( 
(100  molecules  of  the  NaNOa  to  1.75  molecules  of  the  MnCt 


TABLE  V. 


Percentage  of  washed  eggs  with  beating  hearts  in  u/B  KCI  in 

NaNO»  4-  MnClf  or  HiO. 

After 

NaNO»  +  MnCl, 

• 

HiCZ> 

M/1 

if/2 

M/4 

M/8 

if/16 

if/32 

M/M 

day» 

1 

100 

45 

44 

44 

90 

85 

90 

8S 

2 

100 

45 

40 

58 

85 

75 

75 

60 

3 

100 

45 

30 

50 

75 

60 

50 

50 

4 

90 

45 

10 

20 

45 

65 

50 

40 

6 

70 

34 

0 

0 

33 

30 

.  30 

10 

- 

This  experiment  shows  that  the  m/8  KCI  solution  was  not 
able  to  poison  any  of  the  eggs  when  the  solution  was  made  up 
in  a  m/1  solution  of  NaNOs  +  MnCU.  This  protective  or  an- 
tagonistic action  of  NaNOa  +  MnCU  could  only  have  been  due 
to  a  salt  effect  upon  the  membrane;  whereby  the  diffusion  was 
prevented.  While  in  the  pure  m/8  KCI  solution  85  per  cent  of 
the  embryos  were  still  aUve  after  1  day,  in  the  m/8  KCI  solution 
made  up  in  m/2,  m/4,  and  m/8  solution  of  NaNOs  +  MnCU  more 
than  half  of  the  hearts  of  the  embryos  had  stopped  beating  in 
the  same  time;  while  in  the  m/8  KCI  made  up  in  m/16,  m/32, 
and  m/64  solution  of  NaNOs  +  MnCU  the  embryos  behaved 
like  those  in  the  pure  m/8  KCI.  We  notice  again  the  charac- 
teristic phenomenon  that  in  m/8  KCI  made  up  in  m/2  NaNOs  + 
MnCU  during  the  1st  day  a  sharp  drop  occurs  in  the  number  of 
beating  hearts  (to  45  per  cent),  while  in  the  pure  m/8  KCI  solu- 
tion at  this  time  only  15  per  cent  of  the  hearts  have  stopped 
beating.  After  that  the  number  of  eggs  with  beating  hearts 
remains  constant  in  the  m/8  KCI  solution  made  up  in  m/2  NaNOs 
+  MnCla  while  in  the  pure  m/8  KCI  solution  it  diminishes  con- 
stantly.    The  explanation  is  the  same  as  given  for  NaCl  +  CaClj. 

Since  it  might  be  thought  that  this  antagonistic  action  was 
due  to  the  presence  of  the  bivalent  cation  Ca  o.r  Mn  in  the  solu- 
tion we  may  state  that  non-balanced  salt  solutions  act  in  the 
same  way.    The  following  experiment  (Table  VI)  with  NaBr  may 
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R^MTe  as  an  example.    Eggs  washed  for  24  hours  in  HjO  were 
>iit  into  m/8  KCl  made  up  in  different  concentrations  of  NaBr. 

TABLE  VI. 


Peroentace  of  washed  eggs  with  beating  hearts  in  u/S  KCl  ii 

Hs  J,  or  sea  water. 

I  NaBr 

f 

After 

1 

NaBr                                                   i 

1 

HiO 

•     v/4 
Sea 

-71 

if/2 

u/4 

M/8 

M/16 

M/32 

M/64 

if/128 

ii/256| 

1 

1  water. 

dap* 

1 
2 

100 
92 

95 

85 

52 
40 

47 
40 

75 
65 

65 
55 

70 
60 

74 
57 

1 

85  : 
80 

95 
75 

1 

35 
15 

It  is  obvious  that  m/1  and  m/2  NaBr  solutions  prevented  the 
liffusion  of  KCl  into  the  eggs  since  practically  the  hearts  of 
^  of  them  continued  to  beat.  In  the  m/8  KCl  solution  made 
xp  in  m/4  and  m/8  NaBr  the  eggs  were  pbisoned  more  rapidly 
irhan  in  the  pure  m/8  KCl  solution  and  the  same  was  true  for  the 
^ggs  in  the  m/8  KCl  solutions  made  up  in  m/4  sea  water.  The 
«/8  KCl  solutions  made  up  in  m/16  to  m/256  NaBr  acted  almost 
ike  the  pure  m/8  KCl  solution. 

CONCLUSION. 

All  these  experiments  prove  that  the  diffusion  of  KCl  through 
Ihe  membrane  of  the  egg  of  Fundulus  does  not  depend  only  on  the 
ysmotic  pressure  of  the  KCl  solution  hut  that  in  addition  a  certain 
modification  of  the  membrane  is  required  {general  salt  effect.)  This 
modification  is  produced  by  the  action  of  salts  upon  the  external 
surface  or  layer  of  the  membrane  (presumably  upon  the  proteins 
Df  the  membrane).  When  the  eggs  are  in  the  sea  water  the  salts 
Df  the  latter  supply  this  general  salt  action  upon  the  membrane. 
When  the  membranes  are  suflSciently  freed  from  the  salts  of  the 
3ea  water  by  washing  them  for  24  hours  in  HjO  and  if  they  are 
then  put  into  a  pure  solution  of  a  potassiimi  salt  the  poisonous 
3flFect  of  the  potassium  salt  is  delayed  until  the  potassium  salt 
Ltself  has  had  time  to  supply  the  salt  effect  upon  the  membrane 
required  to  permit  the  diffusion  of  this  salt  through  the  mem- 
brane. When  the  concentration  of  the  potassium  salt  is  low 
its  diffusion  into  the  washed  eggs  of  Fundulus  can  be  accelerated 
by  adding  some  other  balanced  or  non-balanced  salt  solution, 
which  suppUes  the  salt  effect  upon  the  membrane. 
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When  the  concentration  of  the  salt  solution  added  to  the  KCl 
solution  is  slightly  higher  than  that  required  for  the  accelerating^ 
salt  effect  upon  the  membrane,  the  opposite  phenomenon  is: 
observed;  namely,  the  retardation  or  prevention  of  the  diffusioim 
of  the  potassiimi  salt.     This  latter  effect,  the  antagonistic  salt:, 
action,  has  thus  far  alone  aroused  the  attention  of  the  workers :, 
although  the  general  salt  effect  discussed  in  this  paper  was  ahready^ 
noticed  6  years  ago  when  we  found  that  the  adult  fish  of  Fundulus 
die  more  rapidly  in   m/100  to   m/66   KCl   solutions  when   10 
molecules  of  NaCl  are  added  to  1  molecule  of  KCl,  while  the 
opposite  effect,   namely,   an   antagonistic  action,  results  when 
more  (17  molecules  or  more)  NaCl  is  added  to  the  1  molecule 
of  KCL*    The  meaning  of  the  fact,  z.e.,  the  necessity  of  a  general 
salt  effect  for  the  diffusion  of  potassium,  was  at  that  time  not 
recognized,  but  we  can  now  explain  these  observations  on  the 
assimiption  that  while  the  gills  or  skin  of  the  fish  contain  enough 
salt  to  permit  the  diffusion  of  m/100  KCl  through  the  surface 
a  better  salt  effect  is  reached  when  about  10  molecules  of  NaCl 
are  added  to  1  molecule  of  KCl.    The  addition  of  17  or  more 
molecules  of  NaCl  to  1  molecule  of  KCl  has  the  opposite  effect  of 
retarding  the  diffusion  of  KCl  (antagonistic  salt  action).     This 
observation  shows  that  the  phenomena  described  for  the  mem- 
brane of  the  egg  of  Fundulus  are  not  confined  to  this  object  but 
are  more  general  in  character. 

It  has  become  customary  in  physiology  to  discriminate  be- 
tween diffusion  and  secretion,  the  term  diffusion  being  used 
when  the  difference  in  pressure  of  the  diffusing  substance  on  both 
sides  of  a  membrane  is  sufficient  to  account  for  the  direction  of  the 
diffusion;  while  we  speak  of  secretion  when  this  is  no  longer  pos- 
sible. Some  authors  imply  that  in  the  latter  case  specifically  vital 
conditions  or  conditions  inseparable  from  the  life  of  the  cell  play  a 
r61e.  The  question  whether  the  exchange  of  gases  in  the  lungs 
is  a  mere  process  of  diffusion  or  one  of  secretion  has  divided 
physiologists  for  some  time.  It  is  quite  possible  that  the  facts 
published  in  this  paper  will  help  towards  lifting  the  veU  of 
m^'^ster}"  from  certain  cases  of  secretion. 

*Loeb  and  Wasteneys,  Biochem.  Z.,  1911,  xxxii,  155. 
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/.  The  Impossibility  of  Recovery  from  Potassium  Poisoning  in 

Solutions  of  Non-Electrolytes, 

We  showed  in  the  first  part  of  this  series^  that  the  diffusion  of 
potassium  salts  through  the  membrane  of  the  hving  egg  of  Fun- 
dvlus  depends,  in  addition  to  the  osmotic  pressure  of  the  solution, 
on  a  second  effect  which  we  called  the  general  salt  effect.  Thus 
if  the  external  surface  of  the  membranes  of  the  eggs  is  freed 
from  salt  by  washing  for  24  hours  in  distilled  water,  the  potas- 
sium salts  cannot  diffuse  into  the  egg  imtil  the  external  surface 
of  its  membrane  has  been  again  supplied  with  salts  either  by  add- 
ing a  second  salt  or  by  giving  the  potassium  salt  in  solution  time 
to  enter  into  combination  with  certain  constituents  of  the  mem- 
brane and  thus  to  supply  the  general  salt  effect. 

Loeb  and  Cattell*  have  already  showti  that  by  depriving  the 
external  surface  of  the  membrane  of  salts  an  obstacle  is  created 
also  for  the  diffusion  of  potassium  salts  in  the  opposite  direction; 
namely,  from  the  interior  of  the  egg  into  the  surroimding  solution. 
When  eggs  of  Fundulus  are  poisoned  with  KCl  imtil  all  the  hearts 
stop  beating,  they  can  recover  and  the  hearts  can  begin  to  beat 
again,  as  soon  as  enough  KCl  has  diffused  out  of  the  egg  to 

*  Loeb,  J.,  J.  Biol.  Chem.^  1916,  xxvii,  339. 

•Loeb,  J.,  and  Cattell,  McK.,  J.  Biol.  Chem.,  1915,  xxiii,  41. 
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bring  the  concentration  of  KCl  inside  the  egg  below  that  limit 
which  is  required  for  the  cessation  of  the  heart  beat.  Loeb  and 
Cattell  found  that  eggs  kept  in  a  KCl  solution  until  all  the  hearts 
stopped  beating  could  not  recover  when  put  subsequently 
into  distilled  water  or  a  solution  of  cane  sugar,  while  they  could 
recover  when  put  into  solutions  of  electrolytes.  The  same  authors 
have  also  shown  that  in  this  recovery  from  potassium  poisoning 
the  nature  of  the  anion  in  the  outside  solution  played  an  impor- 
tant r61e,  inasmuch  as  the  relative  eflSciency  of  CI  :  SO4  :  citrate 
was  approximately  as   1  : 4  :  16  (Hardy's  rule). 

In  our  new  experiments  the  eggs  were  put  directly  from  sea 
water  into  a  m/2  KCl  solution  where  they  remained  for  12  hours. 
Since  the  hearts  stopped  beating,  as  a  rule,  in  less  than  2  hours 
in  such  a  solution,  each  egg  contained  an  amount  of  KCl  consider- 
ably in  excess  of  that  needed  for  the  cessation  of  the  heart  beat. 
Each  egg  also  probably  contained  approximately  the  same 
amount  of  KCL  When  such  eggs  are  put  from  the  m/2  KCl  into 
distilled  water,  they  contain  at  first  enough  salt  at  their  sur- 
face to  permit  the  diffusion  of  KCl  through  the  membrane,  and 
we  may  therefore  expect  that  in  the  first  few  hours  a  few  of  the 
eggs  may  recover  even  in  distilled  water.  But  after  a  few  hours 
the  external  surface  will  have  lost  a  considerable  part  of  its  salts 
by  diffusion  iAto  the  outside  solution  and  as  a  consequence  this 
external  surface  or  layer  of  the  membrane  will  become  imperme- 
able for  the  KCl  and  from  then  on  no  more  eggs  should  be  able 
to  recover.  This  was  actually  observed  for  eggs  which  were  put 
into  H2O  after  treatment  with  KCl  and  we  will  show  that  the 
same  is  true  if  eggs  poisoned  with  KCl  are  put  into  any  solution 
of  a  non-electrolyte. 

We  first  give  as  an  illustration  the  behavior  of  eggs  poisoned 
for  12  hours  in  m/2  KCl  and  then  put  into  glycerol  solutions  of 
different  concentrations  (Table  I).  By  recovered  eggs  we  mean 
eggs  whose  hearts  beat  regularly  again.  While  75  per  cent  of  the 
eggs  recovered  in  sea  water  inside  of  6  hours  and  all  recovered 
in  24  hours,  of  those  put  into  H2O  or  glycerol  solutions  very  few 
recovered.  The  important  fact  is  that  the  small  niunber  of  re- 
coveries observed  in  glycerol  and  H2O  took  place  during  the  first 
6  hours  only,  while  the  external  surface  of  the  egg  membrane 
had  not  yet  lost  that  quantity  of  salts  required  for  the  general 
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TABLE  L 


Percentage  ol  poisoned  eggs  which  recovered  in  glycerol  aolutions, 

sea  water,  or  HiO. 

After 

Glycerol. 

ii/2 

Sea 

water. 

HsO 

if/2 

K/4 

11/8 

M/16 

ufXt 

M/M 

11/128 

if/256 

v/512 

'«9> 

i 

26 

10 

10 

11 

11 

0 

10 

0 

15 

75 

5 

1 

26 

20 

15 

11 

11 

0 

15 

5 

15 

100 

10 

2 

21 

10 

15 

11 

5 

0 

10 

5 

20 

10 

3 

10 

10 

20 

11 

5 

0 

O 

O 

10 

5 

4 

21 

10 

10 

5 

5 

0 

0 

5 

10 

5 

5 

21 

10 

5 

5 

5 

0 

5 

0 

5 

5 

Eggs  then  transferred  to  sea  water. 


89 

100 

95 

100 

100 

100 

95 

95 

100 

salt  effect  upon  the  membrane.  After  this  no  further  recovery 
took  place  in  the  next  5  days.  Then  the  eggs  were  transferred 
into  sea  water  where  the  salt  effect  was  supplied.  In  24  hours 
practically  all  the  eggs  had  recovered;  the  figures  are  given  above. 
Table  II  gives  a  similar  experiment  with  cane  sugar. 

TABLE  n. 


Percentage  of  eggs  which  recovered 

in  cane  sugar  or  HsO. 

After 

Cane  sugar. 

<2 

M/l 

if/2 

V4 

ii/8 

if/16 

11/32 

M/64 

M/128 

if/256 

if/512 

if/1.034 

'«9> 

i 

14 

5 

14 

5 

9 

5 

15 

38 

11 

23 

5 

0 

1 

14 

10 

14 

20 

14 

16 

15 

38 

22 

34 

10 

0 

2 

14 

15 

14 

15 

5 

10 

15 

22 

11 

34 

10 

0 

3 

14 

10 

9 

10 

14 

10 

5 

22 

11 

23 

0 

0 

4 

9 

10 

9 

10 

14 

5 

5 

22 

0 

34 

0 

0 

5 

9 

10 

14 

10 

5 

0 

0 

0 

0 

29 

0 

Again  we  notice  the  same  striking  phenomenon  that  what  Uttle 
recovery  there  is  in  the  solutions  of  cane  sugar  takes  place  during 
the  first  6  hours  when  the  salt  has  not  yet  diffused  in  sufficient 
quantities  from  the  external  surface  of  the  membrane.  After 
5  days  the  number  of  recoveries  has  not  increased  beyond  that 
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which  took  place  during  the  first  6  hours.  The  number  of  re- 
coveries which  took  place  during  the  first  6  hours  was  compara- 
tively large,  owing  to  the  fact  that  either  the  salt  content  of  these 
eggs  was  sUghtly  greater  than  in  the  glycerol  experiment,  or  the 
salts  diffused  away  from  the  surface  of  the  membrane  with  less 
rapidity  than  in  the  case  of  other  non-electrolytes. 

TABLE  III. 


Percentage  of  eggs  which  recovered  in  grape  sugar  or  HsO. 

After 

Grape  sugar. 

HtO 

u/l 

M/2 

M/4 

M/8 

11/16 

M/32 

M/M 

if/128 

M/2S6 

M/512 

days 

i 

5 

15 

15 

5 

0 

0 

5 

5 

5 

0 

10 

1 

0 

15 

10 

5 

0 

0 

0 

5 

0 

0 

15 

2 

10 

15 

20 

5 

0 

5 

0 

5 

0 

0 

10 

The  eggs  \ 

vere  then  transferred  to  sea  water. 

rather  rapidly. 

The  recovery  took  place 

1 

74 

91 

85 

75 

85 

75 

66 

60 

65 

70 

65 

2 

100 

95 

95 

100 

100 

95 

95 

85 

85 

90 

85 

Finally  we  give  a  third  experiment  on  the  recovery  of  poisoned 
eggs  in  grape  sugar  (Table  III).  As  in  the  previous  experiments 
with  non-electrolytes  a  small  percentage  of  recoveries  occurred 
in  grape  sugar  during  the  first  6  hours  when  not  ^nough  salt  had 
diffused  away  from  the  surface  of  the  membrane.  After  the  first 
hours  no  further  recoveries  took  place  because  the  outer  layer 
and  surface  did  not  contain  enough  salt  for  this  purpose.  As 
soon,  however,  as  the  eggs  were  put  into  sea  water  the  recovery 
became  very  rapid  since  then  the  outer  surface  and  layer  of 
the  membrane  was  supplied  with  salt. 

Experiments  with  other  non-electrolytes  (or  very  weak  elec- 
trolytes) like  ethyl  and  methyl  alcohol  and  urea  gave  about  the 
same  results  as  those  reported.  From  all  these  experiments  we 
can  draw  the  following  conclusion:  The  diffusion  of  KCl  out  of 
the  interior  of  the  poisoned  Fundulus  eggs  cannot  take  place  when 
the  external  surface  or  layer  of  the  membrane  contains  less  salt  than 
that  required  to  produce  the  salt  effect  upon  the  membrane. 
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//.  The  Recovery  of  Eggs  in  Balanced  and  Non-Balanced  Stdutions. 

When  we  put  eggs  which  had  been  kept  for  12  hours  in  a  m/2 
KCl  solution  into  a  Bolution  of  certain  electrolytes  instead  of 
non-electrolytes,  we  observe  an  altogether  different  phenomenon 
from  that  described  for  solutions  of  non-electrolytes.  An  al- 
most complete  recovery  of  alt  the  eggs  takes  place  in  the  salt 
solutions  above  a  certain  concentration  inside  of  6  hours  and  a 
gradual  recovery  in  the  weaker  solutions;  since  in  the  weaker 
solutions  enough  salt  must  gradually  combine  with  the  outer 
surface  of  the  membrane  to  produce  enough  of  a  salt  effect  to 
allow  at  least  the  slow  diffusion  of  KCl  through  the  membrane. 
Table  IV  gives  the  recovery  in  different  concentrations  of  sea 
water  of  eggs  poisoned  for  12  hours   previouslj'   in    m/2   KCl. 


wbicb 

«ov.«dU.- 

lanttt 

H/1 

«/* 

«.■» 

-it 

m/H 

-'« 

«i:s 

>.-2se|-/sii 

-/1,M. 

-/I.MK 

M/ia* 

d»m 

i 

7S 

.w 

■20 

10 

.i 

21 

•i 

20 

0 

10 

10 

20 

1 

m 

inn 

!).i 

«f 

hi 

ai 

Id 

45 

14 

10 

25 

35 

2 

IIX 

« 

75 
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33 

45 

14 

10 

26 

30 

3 

in 

« 

7( 

40 

43 

14 

14 

ID 

20 

4 

1(K 

lOf 

70 

75 

T2 

U 

10 

10 

5 

Hi 

100 

5.1 

14 

10 

10 

6 

«.■> 

g.=> 

65 

20 

20 

15 

7 

100 

100 

72 

;to 

15 

15 

This  experiment  was  carried  on  with  the  same  material  and 
simultaneously  with  the  glycerol  experiment  (Table  I),  If  we 
compare  the  two  we  notice  the  salt  effect;  namely,  the  quick  re- 
covery of  a  majority  of  the  eggs  in  m/2  and  m/4  solutions  qf  sea 
water  within  6  hours.  In  the  previous  experiment  on  the  dif- 
fusion of  the  KCl  in  the  opposite  direction,  into  the  egg,  we  noticed 
also  that  the  m/2  and  the  m/4  sea  water  accelerated  the  diffusion 
of  KCl  through  the  membrane  in  the  first  6  hours.  No  such 
acceleration  is  found  in  the  experiments  with  the  non-electrolytes. 
Moreover,  with  each  day  more  and  more  eggs  recover  in  the 
weaker  concentrations  of  sea  wat«r,  while  no  such  influence  of 
the  concentration  can  be  found  in  the  case  of  non-electrolji«B. 

We  shall  now  show  that  there  is  no  great  difference  between 
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the  action  of  a  balanced  and  a  non-balanced  solution  upon  the 
recovery  of  the  heart  from  KCl  poisoning.  We  compare  the 
percentage  of  recoveries  in  a  balanced  solution,  NaCl  +  CaClj, 
and  a  non-balanced  solution,  NaCl.  Both  experiments  were 
made  simultaneously.  The  eggs  had  been  kept  for  12  hours 
in  m/2  KCl,  as  usual. 

TABLE  V. 


Percentage  of  eggji  reoovering  from  t>ota<isium  poisoning  in  Na 

or  HjO. 

kCi  +  CaCb 

After 

Naa  +  CaCU 

HfO 

m/1 

M/2 

M/4 

M/8 

ic/16 

m/32 

ic/64 

ic/128 

ic/256 

M/512 

iaya 

i 

70 

85 

75 

35 

5 

15 

15 

15 

15 

0 

20 

1 

100 

95 

100 

90 

65 

55 

25 

25 

5 

5 

20 

2 

100 

100 

100 

80 

75 

40 

ao 

10 

15 

10 

3 

90 

95 

60 

50 

16 

6 

10 

NaCl 

i 

55 

75 

80 

60 

55 

45 

20 

25 

10 

10 

0 

1 

100 

100 

100 

100 

100 

90 

40 

25 

15 

10 

5 

2 

95 

76 

35 

15 

6 

5 

3 

95 

80 

60 

15 

10 

5 

In  both  solutions  more  than  50  per  cent  of  the  eggs  recover  in 
the  concentrations  above  m/4  in  less  than  6  hours.  The  pure 
NaCl  solution  is  more  efficient  than  the  mixture  of  NaCl  +  CaClj. 
In  the  m/8  and  m/16  NaCl  solution  60  per  cent  and  55  per  cent 
of  the  eggs  recover  in  the  first  6  hours  while  in  the  m/8  and  m/16 
solutions  of  NaCl  +  CaClo  only  35  per  cent  and  5  per  cent  re- 
cover. After  2  days  75  per  cent  of  the  hearts  have  recovered 
in  the  m/64  NaCl  and  only  40  per  cent  in  the  m/64  NaCl  +  CaCU. 
This  difference  is  not  accidental  but  constant.  The  difference 
is,  however,  in  harmony  with  our  experience  with  the  antagonism 
between  NaCl  and  CaCU  if  we  assume  that  the  CaCU  makes  the 
NaCl  less  effective  in  its  action  on  the  membrane  and  hence 
less  available  for  the  general  salt  effect;  so  that  a  mixture  of 
NaCl  +  CaCl2  acts  like  a  pure  NaCl  solution  of  a  lower 
concentration. 

We  may  consider  it  as  proved  that  aside  from  this  latter  con- 
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dition  balanced  solutions  like  sea  water  are  just  as  fit  to  render 
the  diffusion  of  KCl  out  of  the  egg  possible  as  non-balanced  solu- 
tions, and  that  it  is  therefore  impossible  to  ascribe  this  result 
to  an  "injury"  to  the  membrane. 

It  was  of  interest  to  find  out  whether  higher  concentrations 
of  NaCl  solution  or  of  NaCl  +  CaCU  would  prevent  the  diffu- 
sion of  KCl  out  of  the  egg  (antagonistic  salt  action),  but  this 
was  not  the  case.  Eggs  that  had  been  poisoned  in  m/2  KCI 
recovered  more  promptly  when  put  into  3  m,  2|  m,  2  m,  and  1 J  m 
NaCl  +  CaCU  than  when  put  into  m/2,  m/4,  or  m/8  solutions. 
The  probable  explanation  is  that  the  diffusion  of  KCl  out  of  the 
egg  took  place  in  these  highly  concentrated  solutions  so  rapidly 
that  the  excess  of  KCl  had  already  diffiised  out  of  the  egg  be- 
fore the  antagonistic  effect  of  NaCl  +  CaCU  could  be  established. 
It  requires  some  time  imtil  enough  molecules  of  NaCl  +  CaClj 
combine  with  the  membrane  to  inhibit  the  diffusion  of  KCl. 
Until  this  happens  the  conditions  for  the  diffusion  of  KCl  out 
of  the  egg  are  most  favorable  so  that  the  eggs  recover  before  the 
antagonistic  salt  effect  can  make  itself  felt.  We  shall  see  in 
the  third  part  of  this  paper  that  if  the  eggs  are  first  treated  for 
24  hours  with  2  m  NaCl  +  CaClj  and  are  then  put  into  a  pure 
m/8  KCl  solution,  the  outer  surface  of  the  membrane  contains 
enough  NaCl  and  CaCls  for  the  antagonistic  salt  action  and  no 
KCl  can  diffuse  into  the  egg.  The  fact  that  the  addition  of 
sea  water  makes  the  recovery  of  the  heart  possible  is  in  full  har- 
mony with  the  experiments  of  the  first  part,  that  sea  water  also 
accelerates  the  diffusion  of  low  concentrations  of  KCl  into  the  egg. 

The  recovery  of  the  egg  from  the  poisoning  in  the  sea  water 
cannot  be  ascribed  to  the  diffusion  of  sea  water  into  the  egg  (which 
does  not  occur)  since  solutions  utterly  imable  to  arouse  or  main- 
tain the  heart  beat  or  the  life  of  the  embryo  facilitate  the  recovery 
of  the  poisoned  embryo;  e.g,,  ammonium  nitrate  and  many  others. 

///.  The  Influence  of  Anions  and  Cations  of  Different  Salts  upon 

the  Recovery  of  Eggs  from  KCL 

In  Table  VI  we  give  the  percentage  of  hearts  which  recovered 
from  KCl  poisoning  in  different  solutions  of  electrolytes.  The 
eggs  had  previously  been  12  hours  in  a  m/2  KCl  solution  and  were 
then  put  for  24  hours  into  the  solutions  indicated  in  Table  VI. 
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NaCl  +  CaCl, 
NaQ. , . . 

NaBr 

NbNO, 

Nat  acetate.. . 
Na,80<  . 
NaHCO,,,, 
NfttCO.. . , 
Na,HPO.,. 
Nbi  citrate 

NH.CI 

(NH0.SO,.     , 
(NH,).  citrate 

MgCl, 

MrSO, 


The  order  of  rising  efficiency  for  the  anions  for  producing  the 
salt  effect  is  as  follows: 

CI,  NO,  <  Br  <  Acetate  <  PO,  (?)  CO,  <  80,  <  Citrate. 

In  order  to  ascertain  the  influence  of  valency  we  may  select 
as  a  standard  of  comparison  that  concentration  which  causes 
about  70  per  cent  of  e^^  to  recover  in  24  hours.  This  concentra- 
tion is,  in  the  case  of  Na  salts  for  acetate  and  approximately 
also  for  Br,  m/64,  for  CI  and  NO*  between  m/32  and  m/64.  For 
SO*  it  is  M/25G  and  for  COj  between  m/128  and  m/256.  For  ci- 
trate it  is  M,  1,024  but  for  PO4  it  is  too  small,  between  m/64  and 
m/128.  Omitting  NajHPO*  from  consideration  we  find  the 
ratio  of  efficiency  for  monovalent:  bivalent:  trivalent  anions  as 
1  : 4  :  IG  which  is  the  expression  of  Hardy's  rule  for  the  influ- 
ence of  valency  ui)0ii  coagulation.  It  is  worthy  of  notice  that 
the  same  rule  sfcms  to  hold  for  the  NH4  salts.  If  we  compare 
again  the  minimal  concentrations  which  allow  about  70  per  cent 
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f  the  ^g8  to  recover,  we  find  that  the  values  are  h/32  for  NH4CI, 
1/128  for  (NH4)iS0,  and  m/512  for  (NHOi  citrate  which  is 
gain  CI  :  SO*  :  citrate  =  1  : 4  :  16.  The  values  are  practically 
lentica)  with  those  found  for  the  Na  salts,  thus  showing  that 
re  are  not  dealing  with  an  action  of  the  salts  upon  the  heart 
ince  the  NH(  salts  are  unable  to  maintain  or  resuscitate  the 
leart  beat. 
Table  VII  gives  the  influence  of  the  cations  upon  the  recovery. 
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In  this  case  a  peculiar  influence  of  the  periodic  law  is  noticeable, 
i  and  Na  as  well  as  the  corresponding  members  of  the  next 
roup  Mg  and  Ca  favor  the  recovery,  Rb  and  Cs  as  well  as  the 
orresponding  members  Sr  and  Ba  inhibit  it.  NH,C1  and 
KCjHOiCl  act  like  NaCl.  It  is  strange  that  Mg  and  Ca  should 
icrease  the  permeabihty  in  the  recovery  experiments  and  have 
le  opposite  effect  in  the  case  of  the  diffusion  of  KCl  into  the  egg. 
lie  fact  that  salts  which  cannot  reestablish  the  heart  beat  or 
laintain  it  hke  >>(C3He)(Cl  should  have  almost  as  powerful  an 
ction  upon  the  recovery  of  the  hearts  as  Na  shows  that  we  are 
ealint;  with  an  effect  of  the  salts  upon  the  membrane  and.  not 
pon  the  protoplasm  of  the  embryo. 
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CONCLUSION. 

These  experiments  confirm  the  conclusion  that  for  the  diffusion 
of  the  potassium  salts  through  the  membrane,  aside  from  the 
osmotic  pressure  of  the  solution,  a  second  factor  is  required, 
the  general  salt  effect  upon  the  membrane.  While  this  was 
proved,  in  the  first  part  of  this  series,  for  the  diffusion  of  potas- 
simn  salts  into  the  egg,  it  is  proved  in  this  part  for  the  diffusion 
in  the  opposite  direction.  It  is  shown  that  eggs  previously  pois- 
oned with  KCl  cannot  recover  when  put  into  the  solution  of 
any  non-electrolyte.  A  few  eggs  may  recover  in  such  a  solution 
at  the  beginning,  due  to  the  fact  that  at  the  beginning  the  exter- 
nal surface  of  the  egg  may  have  enough  KCl  for  the  salt  effect  upon 
the  membrane.  As  soon  as  this  salt  has  diffused  away  from  the 
surface,  no  further  recovery  is  possible,  since  the  external  surface 
of  the  membrane  when  sufficiently  freed  from  salts  is  as  efficient 
a  barrier  for  the  diffusion  of  KCl  out  of  the  egg  as  in  the  oppo- 
site direction. 

The  relative  efficiency  of  different  salts  for  the  salt  effect  upon 
the  membrane  is  a  function  both  of  anion  and  cation.  The  effi- 
ciency increases  with  the  valency  of  the  anion  approximately  ac- 
cording to  Hardy's  rule,  CI  :  SO4  :  citrate  =  1  : 4  :  16,  as  we  had 
stated  already  in  previous  notes;  but  the  efficiency  also  depends 
upon  the  nature  of  the  anion  in  the  following  way:      , 

CI,  NO,   <  Br  <  Acetate   <  PO4,  CO,  <  SO4   <  Citrate. 

In  regard  to  the  cation  we  found  that  Rb  and  Cs  completely 
inhibit  the  diffusion  of  KCl  cut  of  the  egg  in  m/2  solution.  The 
salts  of  Sr  and  Ba  have  a  similar  effect.  The  salts  of  Na,  Li, 
Mg,  Ca,  NH4,  and  N(C2H5)4  favor  the  diffusion.  Since  the  salts 
of  Li,  NH4,  and  N(C2H5)4  are  extremely  toxic  for  the  embryo  the 
beneficial  influence  of  these  salts  upon  the  recovery  from  potas- 
sium poisoning  must  be  ascribed  to  an  action  upon  the  membrane 
and  not  to  an  action  upon  the  hfeart  of  the  embryo.  Since  the 
balanced  solutions  are  almost  as  efficient  as  non-balanced  solu- 
tions, the  influence  cannot  consist  in  a  destructive  action  upon 
the  membrane,  but  must  consist  in  the  creation  of  special  condi- 
tions required  for  the  diffusion  of  electrolytes. 
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I. 

We  shall  show  in  this  paper  that  the  ideas  concerning  the 
r61e  of  the  general  salt  eflfect  developed  In  the  two  previous  notes^ 
hold  also  for  the  diffusion  of  acids  into  the  egg  of  PundiUu9. 
The  effect  of  acids  upon  the  heart  of  Fundvlus  is  not  to  the  same 
degree  reversible  as  the  Effect  of  potassium  salts,  since  whexi 
acid  diffuses  into  the  egg  it  first  kills  and  causes  coagulation  of 
the  body  of  the  embryo  from  the  tail  upward  and  only  later  caused 
the  heart  to  stop  beating  by  diffusion  through  the  pericardiuml 
It  would  be  difficult  if  not  impossible  to  demonstrate  the  influ^ 
ence  of  salts  upon  the  recovery  of  the  heart  fron^acid  poisoning 
We  must,  therefore,  make  use  of  the  diffusion  of  acids  trUo  th^ 
egg  for  the  demonstration  of  the  salt  effect  in  the  case  of  acids: 
We  shall  show  that  eggs  washed  in  H2O  are  more  resistant  to 
acid  than  eggs  containing  some  salt.  For  this  demonstratiofi 
the  eggs  were  first  put  for  4  days  into  salt  solutions  of  a  different 
concentration  and  then  exposed  to  the  acid  solution.  Eggs 
similarly  treated  were  also  exposed  to  m/8  KCl  solutions  with  this 
difference  only,  that  it  was  found  sufficient  to  expose  the  ^g3 
for  1  day  only,  pre\'ious  to  their  transfer  to  m/8  KCl.  Since  th6 
experiments  with  KCl  were  more  numerous  than  those  with 
acid,  we  shall  describe  them  first. 

» 
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The  method  employed  in  the  case  of  the  potassium  experiments 
was  as  follows:  The  eggs  were  put  for  24  hours  into  solutions  of 
certain  substances  varying  in  concentration.  A  chemical  equiUb- 
rium  is  estabhshed  between  the  constituents  of  the  solution  and 
the  external  surface  or  layer  of  the  membrane.  The  inner  layer 
of  the  membrane  is  not  at  all  or  only  little  afifected.  These  eggs 
are  then  put  into  an  m/8  KCl  solution.  The  hearts  will  stop 
beating  and  the  rate  at  which  this  happens  will  give  us  the  rate 
at  which  the  KCl  diffuses.  The  smaller  the  percentage  of  the 
hearts  beating  at  a  certain  time,  the  greater  the  rate  at  which 
the  KCl  diflfuses  iiito  the  eggs. 

For  the  understanding  of  these  results  we  must  remember  that^^^sat 
when  the  egg  is  transferred  from  a  salt  solution  into  a  pure  m/8^^  "V^8 
KCl  solution  the  salts  other  than  KCl  will  diffuse  from  the  rTtrmflF  j"r  nl 
surface  or  layer  of  the  membrane  into  the  KCl  solution  and  the 
greater  part  of  this  diffusion  will  take  place  in  the  first  hours 
,We  have  shown  in  the  first  paper  of  this  series  that  when  twc^ 
lots  of  eggs  are  put  for  24  hours,  one  into  sea  water  and  theother: 
into  H2O,  and  then  both  are  transferred  to  m/8  KCl  the  main  dif-^^i^- 
ference  in  the  rate  of  diffusion  of  KCl  through  the  membranefc^^^es 
of  the  two  lots  of  eggs  will  be  foimd  in  the  first  6  hours, 
during  this  period  the  eggs  from  the  sea  water  will  still  havi 
enough  salt  at  the  surface  of  their  membranes  to  supply  the  sal'-KI-lt 
effect  required  for  the  diffusion  of  KCl  through  the  membraneii— ^c. 
Hence  more  of  the  eggs  taken  from  sea  water  will  be  poisonec^*^ 
during  the  first  6  hours  than  of  the  eggs  taken  from  H2O;  whil^  -^^ 
after  the  first  6  hours  the  further  rate  of  poisoning  will  be  mor^  ^^ 
nearly  the  same  for  the  two  groups  of  eggs. 

Eggs  were  put  for  24  hours  into  various  concentrations  of 
water  and  then  exposed  to  an  m/8  KCl  solution.    Table  I 
the  percentage  of  embryos  whose  hearts  were  beating  after  dif- 
ferent intervals  in  the  KCl  solution. 

,    The  result  is  quite  striking.     The  eggs  taken  from  normal 
water  had  in  half  of  the  cases  enough  salt  at  the  surface  of 
membranes  to  allow  so  much  KCl  to  diffuse  into  the  eggs  insid^^ 
of  3  hours  that  the  hearts  stopped  beating.     Of  the  eggs  takers 
from  m/4  sea  water  only  15  per  cent  had  enough  salt  at  the  sur — ' 
face  of  their  membranes  to  allow  the  same  result.    The  egg^ 
taken  from  m/8  or  still  more  diluted  sea  water  behaved  like  th^^ 
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TABLE  I. 


Percentage  of  embryos  with  beatins  hearta  in  m/8  KCI  taken  from 

sea  water  or  HsO. 

After 

Sea  water. 

HsO 

m/2 

M/4 

m/8 

m/16 

m/32 

m/64 

m/128 

ic/256 

kra. 

3 

55 

85 

100 

100 

100 

100 

100 

100 

100 

51 

50 

85 

100 

100 

100 

100 

100 

100 

100 

8 

45 

85 

100 

100 

100 

100 

100 

100 

100 

25 

50 

85 

95 

95 

100 

95 

100 

100 

100 

eggs  that  had  been  in  distilled  water,  inasmuch  as  they  had  not 
enough  salt  left  at  their  external  surface  to  permit  the  diffusion 
of  enough  KCI  into  the  egg  to  cause  cessation  of  heart  beat  in  a 
single  egg  (Table  I). 

It  seemed  advisable  to  see  what  would  happen  if  the  experi- 
ments were  made  with  eggs  kept  in  balanced  solutions  of  higher 
concentrations  than  that  of  sea  water  (m/2).  Eggs  were  put 
for  2  days  into  mixtures  of  NaCl  +  CaCU  in  the  proportion  of 
100  molecules  of  NaCl  to  1.75  molecules  of  CaClj  (as  in  sea  water) 
varying  in  concentration  from  3  m  to  m/128.  From  these  solu- 
tions the  eggs  were  transferred  into  an  m/8  solution  of  KCI  and 
the  percentage  of  eggs  with  beating  hearts  was  ascertained  after 
certain  intervals  (Table  II). 

This  experiment  shows  that  eggs  which  had  been  in  m/32 
NaCl  +  CaCU  or  in  lower  concentrations  contained  so  Uttle  salt 
at  their  surface  that  the  KCI  could  not  diffuse  any  more  rapidly 


TABT-K  II. 

Percentage  of  esss  with  beating  hearts  in  if/8  KCI  taken  from  NaCl  +  CaCb. 

After 

3m 

2\u 

2m 

Um 

M/1 

m/2 

M/4 

M/8 

m/10 

M/32 

M/64 

M/128 

kn. 

3 

90 

65 

0 

0 

0 

0 

0 

30 

80 

100 

100 

100 

5J 

40 

15 

0 

0 

0 

0 

0 

25 

75 

100 

100 

100 

8 

5 

5 

25 

75 

100 

100 

100 

25 

0 

0 

0 

0 

0 

0 

0 

30 

75 

90 

95 

95 

75 

0 

0 

0 

0 

0 

0 

0 

15 

55 

85 

80 

95 
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into  the  egg  than  if  the  eggs  had  been  kept  in  HjO.  The  eggs 
taken  from  m/16  NaCl  +  CaCU  had  at  the  beginning  enough 
salt  at  their  surface  so  that  20  per  cent  of  the  eggs  were  poisoned 
in  the  first  3  hours.  In  the  meantime  the  diffusion  of  the  NaCl  + 
CaCU  from  the  surface  of  the  membranes  took  place  so  rapidly 
that  afterwards  no  more  eggs  were  poisoned  in  the  next  25  hours 
and  only  a  few  more  in  the  following  2  days.  The  eggs  taken 
from  the  m/8  solution  of  NaCl  +  CaCU  had  enough  salt  at  their 
surfaces  to  allow  the  diffusion  of  a  poisonous  dose  of  KCl  into 
70  per  cent  of  the  eggs  in  the  first  3  hours,  and  in  the  meantime 
so  much  of  the  CaCU  +.  NaCl  left  the  surface  of  the  membrane 
that  the  eggs  from  then  on  behaved  like  washed  eggs,  so  that  in 
the  next  25  hours  the  number  of  eggs  poisoned  did  not  increase, 
and  increased  only  sUghtly  in  the  next  2  days.  All  the  eggs 
that  had  been  in  the  next  higher  solutions,  from  m/4  to  2  m,  were 
completely  poisoned  by  m/8  KCl  in  less  than  3  hours,  which 
means  that  they  had  enough  salt  at  the  smiaces  of  their  mem- 
branes to  allow  the  diffusion  of  a  poisonous  dose  of  potassium 
through  the  membrane  in  less  than  3  hours.  The  eggs,  however, 
that  had  been  in  2J  and  3  m  NaCl  +  CaCU  show  another  pic- 
ture; they  had  an  excessive  amount  of  salt  at  the  external  sur- 
face of  their  membranes  which  made  them  for  a  number  of  hours 
inmiime  against  the  m/8  KCl  solution  (antagonistic  salt  action). 
This  immunity  did  not  last  long,  however,  since  the  Na  aiid  Ca  dif- 
fused from  the  surface  of  the  membrane  into  the  m/8  KCl  solution 
and  then  after  about  5  hours  a  stage  was  reached  when  the  eggs 
had  only  that  moderate  amount  of  salt  at  the  external  surface  of 
their  membrane  which  accelerates  the  diffusion  of  a  toxic  dose  of 
KCl  into  the  egg.  This  happens  more  quickly  in  the  case  of  the 
eggs  that  had  been  kept  for  2  days  in  a  5/2  m  than  in  a  3  m  solu- 
tion. The  same  fact,  that  a  moderate  amount  of  salt  at  the  sur- 
face of  the  egg  is  required  to  permit  the  diffusion  of  KCl  into  the 
egg  while  a  higher  concentration  prevents  the  diffusion,  is  shown 
in  the  following  experiment.  Eggs  had  been  put  for  2  days  into  a 
mixture  of  NaBr  +  CaCU  (in  the  same  proportion  as  in  sea 
water)  and  were  then  transferred  into  m/8  KCl.  Table  III  gives 
the  percentage  of  eggs  whose  hearts  stopped  beating  after  several 
hours. 
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Again  we  see  that  a  previous  treatment  with  a  moderate  con- 
centration (m/8  to  m)  of  a  balanced  solution  accelerates  the  rate 
of  diffusion  of  KCl  into  the  egg  while  previous  treatment  with  a 
more   concentrated   solution  retards  it.    But   this   retardation 
lasts  only  through  the  first  hours,  as  long  as  the  NaBr  has  not 
diffused  away  from  the  smiace  of  the  membrane.    It  is  note- 
^^rorthy  that  the  inhibiting  or  antagonistic  concentration  is  lower 
for  NaBr  +  CaCU  than  for  NaCl  +  CaClj,  suggesting  possibly 
Sk  firmer  attachment  to  the  membrane  in  the  case  of  NaBr  than 
i  n  the  case  of  NaCl.    It  is  also  obvious  that  the  general  salt  effect 
€d{  sea  water  is  less  than  that  of  NaCl  +  CaCli  or  of  NaBr  +  CaCli 
^solutions  of  equal  concentration.    This  difference  must  be  due 
^o  the  presence  of  some  of  the  other  constituents  in  sea  water 
-than  NaCl  and  CaCU. 

TABLE  m. 


Peroentace  of  eoB  with  beatinc  hearts  in  m/8  KCl  after  having 
been  kept  for  48  hn.  in  NaBr  +  CaCb  or  HsO. 

After 

NaRH-CaCh 

HsO 

2m 

Um 

tf/1 

M/2 

M/4 

M/8 

M/IO 

M/32 

M/M 

M/128 

kn. 

3 

81 

15 

0 

0 

0 

15 

70 

100 

100 

100 

100 

5i 

60 

10 

0 

0 

0 

15 

65 

95 

100 

100 

8 

20 

5 

0 

0 

0 

10 

65 

95 

100 

100 

25 

0 

0 

0 

0 

0 

10 

60 

90 

100 

100 

75 

0 

0 

0 

0 

0 

5 

45 

70 

85 

80 

Considering  the  theoretical  importance  of  these  experiments, 
one  more  observation  of  the  same  type  may  be  recorded,  in  which 
the  eggs  had  been  put  for  17  hours  into  various  concentrations 
of  a  Ringer  solution  (NaCl  +  KCl  +  CaClj)  and  for  controls  in 
m/2  sea  water  and  HjO.  They  were  then  transferred  into  a 
m/2  KCl  solution  (instead  of  m/8,  as  in  the  experiments  thus  far 
mentioned).    Table  IV  gives  the  results. 

As  in  the  preceding  experiments  we  notice  that  the  previous 
treatment  with  normal  (m/2)  sea  water  accelerates  the  diffusion 
of  KCl  more  than  a  previous  treatment  with  a  m/2  Ringer  solu- 
tion. Again  we  notice  that  a  moderate  concentration  of  the 
Ringer  solution,  from  m/16  to  m/2,  accelerates  the  diffusion  more 
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than  a  higher  concentration,  like  5  m/2.  The  difference  which  is 
very  striking  during  the  first  hours  becomes  less  in  time  for  two 
reasons;  first,  that  the  salt  at  the  surface  of  the  membrane  dif- 
fuses into  the  solution,  and  second,  that  in  as  high  a  concen- 
tration as  m/2  the  KCl  solution  itself  rapidly  supplies  the  salt 
effect  necessary  for  the  diffusion  of  its  own  molecules  or  ions 
through  the  membrane. 

The  demonstration  of  the  general  salt  effect  in  the  case  of  the 
balanced  solutions  had  the  advantage  of  proving  that  this  effect 
does  not  consist  in  an  injurious  action  of  the  salt  upon  the  mem- 
brane. Since  m/2  sea  water  is  the  ideal  balanced  solution  and 
the  natural  miheu  in  which  these  e^s  develop,  it  cannot  be  said 
that  eggs  taken  from  normal  sea  water  or  from  m/2  NaCl  -|- 


been  liupt  tor  17  hra.  in  RiDsw  solution,  aoa  water,  oi 
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CaCU  succumb  more  rapidly  to  KCI  because  the  natural  sea 
water  hurts  the  membrane  more  than  dilute  sea  water  or  HtO. 
Aa  a  fact  the  contrary  is  more  nearly  correct. 

Eggs  were  put  for  24  hours  into  non-balanced  solutions  of  vari- 
ous sodium  salts  of  concentrations  varying  from  m/1  to  m/1,024 
or  less.  They  were  then  put  into  m/8  solutions  of  KCl.  Only 
eggs  with  beating  hearts  were  put  into  the  KCl  solution.  Table 
V  gives  the  percentage  of  beating  hearts  after  6  hours  in  the 
different  solutions. 

The  difTorence  in  the  efficiency  of  the  anions  in  the  production 
of  the  general  salt  effect  is  quite  obvious.  When  we  select  for 
comparison  the  highest  concentration  of  each  salt  which  produced 
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1  with  beslinx  hniru  ia  h/S  KC 

■Ctet  S  hn.  wb 

-/i 

"/> 

»/l 

M/i 

1./IS 

mPI 

i^-**!  ii/lM 

M,25< 

u/SlZ 

..',.02, 

n/l^  EM) 

faCl 

0 

0 

0 

1H 

100 

100 

lOo]  100 

100 

100 

100 

100 

'«Br 

0 

0 

5 

0 

s^ 

iO( 

10(    100 

100 

100 

100 

100 

100 

a.  acetate. 

<l 

0 

30 

St 

1« 

10(    100 

100 

100 

100 

100 

100 

a^SO, 

0 

0 

0 

74 

M 

10(    100 

100 

100 

100 

100 

^^  citrate... 

82 

Ki 

<M 

100 

100 

100 

^aHPO,   ... 

42 

67 

100 

™ 

100 

Ho  more  salt  effect,  t.e.,  that  concentration  which  rendered  90 
p>er  cent  of  all  the  e^a  immune  against  the  u/8  KCl  solution 
in  the  next  6  hours,  we  notice  the  following  results: 

NaC] If/  16 

NaBr «/  32 

Xa  Acetate m/  32 

NftiSO, m/  64 

Na,  citrate .' m/256 

NajHPO, m/512 

Above  these  concentrations  these  salts  produced  the  salt 
«ffect.  The  ratio  of  the  limiting  concentration  for  the  salt  effect 
of  Na  salts  is  therefore  CI  :  SO*  :  citrate  or  phosphate  approxi- 
xnately  as  1  : 4  :  16,*the  same  as  that  found  in  the  recovery  ex- 
periments (second  paper  of  this  series). 

It  might  be  ai^ed  that  the  hearts  stopped  beating  after  the 
treatment  with  h/2  Is  aCl  or  XaBr  or  u/4  NaiSO^  not  on  account 
of  the  injurious  effect  of  the  h/S  KCl  but  on  account  of  the  toxic 
effects  of  the  NaCl  or  NajSOt  solutions.  This  argument  would 
"be  wTong  since  only  such  eggs  were  transferred  to  the  m/8  KCl 
solution  whose  hearts  were  beating  after  ha^-ing  been  24  hours 
in  m/1,  m/2  XaCl,  or  m/2,  m/4,  or  m/8  Na^SOi,  or  any  of  the 
other  solutions,  and,  moreover,  we  had  found  in  the  second  paper 
that  the  relative  efficiencj-  of  these  salts  to  induce  the  recovery 
from  potassium  is  exactly  the  same  as  that  for  poisoning  in  these 
experiments.  Moreover  we  convinced  ourselves  that  eggs  which 
had  been  poisoned  in  m/8  KCl  after  a  treatment  in  u/4  N&SOt 
recovered  when  put  back  into  the  latter  solution  althou^  m/4 
Na!S04  rapidly  kills  the  embrj-o  outside  the  egg. 
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The  effect  of  the  cation  is  equally  marked  in  Table  VI,  show- 
ing the  efficiency  of  different  chlorides.  The  eggs  were  put  for 
24  hours  into  the  solutions  of  various  concentrations  of  these 
aa3.\a;  the  concentrations  were  below  that  limit  in  whiuh  thej' 
kill  or  injure  the  egg  in  24  hours.  After  24  hours  the  eggs 
were  put  into  an  h/S  KCl  solution.  The  percentage  of  ^gs  with 
heart  beats  is  given  in  Table  VI. 


I'crcentoEe  of  <«■  with  batinc  hurU  in  m/8  KCl  after  t  hnu  which  hwl 

, 

-/I 

x/a 

^/i 

«,a 

«/ifl 

90 
100 
100 
100 

95 
100 
100 
100 

^/M 

M/m 

m/m 

-/SIJ 

M/UOU 

LiCl 

NaCI 

RbCI 

0 

0 
33 

SS 

0 
88 
50 

85 
8S 

47 
15 

90 
S5 
100 

96 

100 
100 
100 
90 
100 

100 
100 

100 
100 
100 
100 
100 

m 

100 
100 

100 
100 
100 
lOO 
100 
100 
100 
100 

100 
100 
100 
100 
92 
100 
100 
100 

100 
100 
100 
100 
100 
100 
100 
100 

100 

100 

CaCI 

100 

MgCl. 

CaCI, 

SrClt 

100 
100 

This  table  reveab  the  unexiKcted  fact  that  Na  has  the  most 
striking  salt  effect  of  all  the  cations  mentioned.  Since  NaCl 
is  also  the  least  toxic  of  all  the  salts  and  since  it  injures  the  mem- 
brane less  than  any  of  the  other  salts  mentioned  in  the  table, 
it  is  obvious  that  the  acceleration  of  the  diffusion  of  KCl  throi^ 
the  membrane  cannot  be  ascribed  to  an  injurious  effect  of  the 
salt  on  the  membrane. 

A  previous  treatment  of  the  eggs  with  the  solutions  of  non- 
deetrolytes  does  not  lead  to  an  acceleration  of  the  diffusion  of 
the  KCl  through  the  membrane.  Eggs  were  put  for  24  hours 
into  solutions  of  various  non-electrolytes  in  different  concen- 
trationa.  Nothing  comparable  to  the  salt  effect  was  produced; 
the  eggs  behaved  as  if  they  had  been  washed  in  HjO, 

It  is  obvious  that  the  membrane  of  eggs  which  had  been  for 
-24  hours  in  a  solution  of  a  non-electrolyte,  e.g.,  glucose,  cane  sugar, 
^ycerol,  and  methyl  alcohol  had  become  impermeable  to  u/8 
KCl  to  the  extent  that  in  6  hours  not  enough  KCl  could  diffuse 
into  the  egg  to  cause  cessation  of  the  heart,  beat  in  more  than  20 
per  cent  of  the  eggs.    The  non-electrolytes  act,  therefore,  essen- 
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TABLE  Vn. 
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tially  tike  distilled  water  unless  they  are  applied  in  excessive 
concentration.  In  that  case  we  may  expect  an  "injurious" 
action  on  the  membrane,  different  both  from  the  antagonistic 
action  and  the  general  salt  effect  upon  the  membrane.  This 
phenomenoD  will  be  discussed  in  the  fourth  paper  of  this  series. 


n. 

We  shall  now  try  to  show  that  for  the  diffusion  of  acids  through 
the  membrane  of  the  Fundulus  egg,  beside  the  osmotic  pressure, 
a  salt  action  upon  the  membrane  is  also  required.  The  diffei^ 
«nce  between  the  two  cases  is  that  acids  can  produce  the  salt 
effect  in  a  coocentration  at  least  several  hundred  times  smaller 
than  the  concentration  required  for  the  same  purpose  in  the 
case  of  KCl.  Hius  u/1,000  acetic  acid  kiUs  the  egg  rapidly 
by  coagulating  the  embryo.  In  order  to  demonstrate  the  salt 
effect  it  was  necessary  to  show  that  when  the  membranes  of  the 
egg  were  freed  from  salt  by  previous  washing  in  HiO,  it  took  longer 
to  kill  the  embryos  than  when  eggs  taken  directly  from  sea  water 
were  exposed  to  the  acid.  The  writer  tried  in  vain  last  year  to 
furnish  this  proof.  He  found  this  year  the  reason  for  the  failure; 
he  had  washed  the  eggs  for  24  hours  in  H,0  (as  in  the  potassium 
experiments).  This  washing  probably  left  a  trace  of  salt  on 
the  external  surface  or  the  external  layer  of  the  egg  membrane 
which  was  negligible  for  the  diffusion  of  potassium  salts  but  which 
was  sufficient  to  prevent  the  demonstration  of  the  salt  effect 
in  the  case  of  acids.  When  eggs  were  washed  for  4  days  in  HiO 
it  was  possible  to  demonstrate  the  salt  effect  for  acids  too.  The 
method  of  the  experiment  was  as  follows:  E^gs  were  put  for  4 
days  into  HiO  and  into  different  concentrations  of  NaCl  +  KCl 
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+  CaCli  (in  the  proportion  of  100  molecules  NaCl  to  2.2  molecules 
KCI  to  1.75  molecules  of  CaCli  as  in  sea  water).  They  were 
then  put  into  50  cc.  of  m/1,000  acetic  acid.  In  acid  solutions 
the  embryo  is  killed  by  coagulation  and  becomes  white.  The 
coagulation  shows  itself  first  in  the  tail  of  the  embryo  and  then 
creeps  upward.  The  heart  is  the  last  organ  to  be  affected  by 
the  acid,  probably  because  it  is  protected  by  the  pericardium. 
Thus  the  tail  of  the  embryo  is  already  opaque  when  the  heart 
ceases  to  beat.  The  cessation  of  heart  beat  in  this  case  means 
death  of  the  embryo.  Table  VIII  gives  the  percentage  of  em- 
bryos whose  hearts  were  still  beating. 
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We  must  remember  that  the  salt  in  combination  with  the  &ur~ 
face  from  the  previous  treatment  diffused  during  the  first  hours 
into  the  surrounding  acid  solution  which  was  free  from  salts. 
We  must  therefore  look  for  differences  in  the  effects  of  the  pre- 
vious treatment  of  the  eggs  during  the  first  hours  of  the  experi- 
ment. After  5  hours  all  the  embryos  which  had  been  in  HjO 
and  3  m/2  and  m/1  Ringer  were  still  intact  in  the  h/1,000  acetic 
acid  solution,  while  25  per  cent  of  those  that  had  been  in  u/8 
Ringer  and  15  per  cent  of  those  that  had  been  in  sea  water  were 
already  dead.  After  7  hours  two-thirds  of  those  that  had  been 
in  m/8  Ringer  were  already  dead  and  not  yet  one-third  of  those 
which  had  been  in  distilled  water  had  been  killed.  After  8  hours 
the  accelerating  salt  effect  upon  the  diffusion  of  acid  through 
the  membrane  was  still  more  striking;  those  that  had  been  in 
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11/2  to  u/32  Ringer  or  m/2  sea  water  died  twice  as  fast  as  those 
that  had  been  in  HjO.  After  23  hours  the  effect  of  the  previous 
treatment  had  disappeared  since  the  salts  had  diffused  from  the 
surface  of  the  membrane. 

Hence  we  see  that  in  the  case  of  acids  as  in  the  case  of  KCl, 
a  small  dose  of  salt  on  the  external  surface  of  the  membrane  ac- 
celerates the  diffusion,  a  larger  dose  retards  the  diffusion.  In 
eggs  washed  in  H]0  the  acid  itself  supphes  the  salt  effect  upon 
the  membrane,  much  less  acid  than  neutral  salt  being  required 
for  this  purpose. 

On  account  of  the  theoretical  importance  of  the  subject,  a 
second  experiment  of  the  same  type  may  be  reported.  The  eggs 
were  put  again  for  4  days  into  the  solution  before  being  trans- 
ferred to  the  h/1,000  acetic  acid  solution.  Table  IX  gives  the 
result. 
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A  glance  at  the  table  will  show  that  the  eggs  previously  treated 
mth  a  moderate  concentration  of  salts,  m/32  to  u/l,  or  with  sea 
water,  are  killed  by  the  acid  more  quickly  than  the  eggs  previously 
breated  with  distilled  water,  while  those  treated  with  a  higher 
»>ncentration  of  the  salt  die  more  slowly  (antagonistic  salt  ac- 
tion). These  experiments  show  incidentally  that  the  antagonis- 
tic salt  action  (or  the  general  salt  effect)  occurs  between  the 
membrane  (modified  by  the  antagonistic  salt)  and  the  acid,  and 
that  it  is  immaterial   whether  the  antagonistic  salt  is  apphed 
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aimultaDeously  with  the  injurious  salt  or  previously,  except  that  - 
the  antagonistic  salt  action  cannot  last  in  the  latter  case  on  ac-  — 
count  of  the  diffusion  of  the  salt  from  the  memtmuie  into  the  ^ 
solution. 

When  the  eggs  were  washed  for  1  or  2  days  only,  the  antagonis-  ~ 
tic  salt  action  due  to  the  previous  treatment  with  the  stronger  - 
solutions  was  more  marked  than  the  accelerating  action  of  the  a 
more  moderate  salt  concentrations  as  the  following  examplea 
shows  (Table  X). 


TABLE  X. 
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In  this  experiment  the  antagonistic  effect  of  the  salts  (whicls 
were  left  on  the  surface  of  the  membrane)  on  the  diffusion  of  aci(3 
is  very  striking,  especially  in  the  eggs  previously  washed  in 
5  m/2,  2  M,  and  3  m/2  NaCl  +  KCl  +  CaCli.  A  sUght  accelera- 
ting effect  of  the  salt  is  only  noticeable  in  the  eggs  previously 
washed  in  m/4  NaCl  +  KCl  +  CaCl,.  The  washing  was  too 
short  to  remove  enough  salt  from  the  surface  of  the  egg  in  the 
H]0  so  that  the  trace  of  salt  left  on  the  surface  of  the  membranes 
of  the  eggs  was  still  sufficient  to  supply  the  general  salt  effect. 
The  diffusion  of  acids  requires  a  much  lower  concentration  of  a 
second  salt  at  the  external  surface  of  the  membrane  than  the 
diffusion  of  KCl,  possibly  because  acid  forms  a  much  more  stable 
salt  with  certain  proteins  than  neutral  salta  (Hardy) ;  as  a  conse- 
quence, a  trace  of  acid  can  by  combining  with  the  membrane  (or 
its  proteins)  produce  the  same  salt  effect  as  a  considerable  concen- 
tration of  a  neutral  salt. 

We  have  already  mentioned  in  a  previous  note*  that  the  ar 
tagonistic  action  of  salts  to  acid  in  the  case  of  the  Fundtdi 
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embryos  increases  not  only  with  the  valency  of  the  anion  but  with 
that  of  the  cation  as  well,  which  is  also  the  case  when  KCl  is 
antagonized  by  other  salts.  We  shall  retiun  to  this  fact  in  an- 
other connection,  though  we  may  add  here  that  this  should  put 
an  end  to  such  generalizations  as  that  the  antagonistic  salt  action 
is  due  to  the  oppositely  charged  ions. 

CONCLUSION. 

This  paper  shows  that  under  certain  experimental  conditions 
the  existence  of  the  general  salt  effect  can  be  demonstrated  also 
for  the  diffusion  of  acid  through  the  membrane  of  the  egg  of 
Fundidus,  The  concentration  of  neutral  salt  required  for  the 
salt  effect  is  considerably  smaller  in  the  case  of  the  diffusion  of 
acid  than  in  the  case  of  the  diffusion  of  potassium  salt.  Very 
weak  acid  solutions  themselves  can  supply  the  general  salt  effect, 
owing  probably  to  the  fact  that  acids  form  stable  salts  with  cer- 
tain proteins  of  the  membrane  (while  neutral  salts  form  only 
unstable  salts). 

When  the  concentration  of  neutral  salt  added  to  the  acid  is 
a  little  higher  than  that  required  for  the  salt  effect  the  opposite 
phenomenon  is  produced;  namely,  the  diffusion  of  acid  is  retarded 
or  inhibited  (antagonistic  salt  action). 

It  is  shown  that  under  the  conditions  of  these  experiments 
similar  rules  hold  for  the  diffusion  of  potassium  salts  through  the 
membranes  of  living  eggs  of  Fundidus. 
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The  excretion  of  lipoid-insoluble  dyes  after  parenteral  admin- 
stration  into  frogs  has  been  investigated  by  Hober  and  Kemp- 
ler.  They  concluded  that  the  more  characteristically  colloidal 
:he  state  of  the  dye  the  more  difficult  is  its  passage  through  the 
ddneys.  Alkali  blue  (AUcali-blau),  which  is  a  highly  colloidal 
compound,  was  not  eliminated  through  the  kidneys. 

The  fate  of  various  types  of  dyes  in  the  organism  is  of  interest 
n  the  study  of  the  permeability  and  secretory  power  of  blood 
iressels  and  glands.  At  the  suggestion  of  Professor  Lafayette 
B.  Mendel,  I  have  investigated  the  behavior  of  alkali  blue  in 
^he  organism.  All  necessary"  operations  on  animals  were  per- 
formed by  him. 

Methods. 

Alkali  blue — sodium  triphenylrosaniline  monosulfonate — is  sol- 
able  in  cold  water,  much  more  so  in  alcohol  and  in  warm  water, 
but  insoluble  in  ether  and  in  oil.  It  is  precipitated  by  calcium 
3r  lead  salts.  The  color  is  decreased  by  dilute  ammonia,  and  it 
:»n  be  restored  with  acids.  The  dye  (Kahlbaum's)  used  in  the 
following  experiments  was  dissolved  in  distilled  water  in  the 
proportion  of  1  or  2.5  per  cent. 

The  method  for  the  detection  of  the  dye  in  tissues  and  in 
3ody  liquids  was  investigated  in  preliminary  experiments.  The 
utensity  of  blue  color  decreases  when  the  dye  is  passed  through 
ihe  animal  body  or  kept  a  little  while  with  body  liquids.  On 
iddition  of  a  small  amount  of  acetic  acid,  the  color  reappears, 
3ut  not  always  to  the  original  intensity.  Boiling  or  addition 
rf  hydrogen  peroxide  seemed  to  cause  no  improvement.  Though 
Jie  exact  nature  of  the  change  is  yet  unknown,  a  similar  altera- 
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tion  of  color  has  been  noted  with  many  other  dyes.  Underhill 
and  Closson  demonstrated  that  methylene  blue,  administered 
to  an  animal,  reappears  in  the  urine  and  feces  in  four  forms — 
methylene  blue  itself,  methylene  azure,  i.e.,  an  oxidation  product 
of  methylene  blue,  and  leuko  compounds  corresponding  to  methy- 
lene blue  and  methylene  azure.  As  these*  leuko  compounds 
are  reduction  products  of  either  methylene  blue  or  methylene 
azure,  methylene  blue  must  undergo  both  oxidation  and  reduc- 
tion in  the  animal  body.  Indigo  carmine,  rosaniline,  and  phenol- 
tetrachlorphthalein,  introduced  into  the  organism,  reappear 
in  both  free  and  leuko  states.  Bulk  demonstrated  that  alkali 
blue  becomes  colorless  by  reducing  agents,  such  as  ammonium 
sulfide,  the  color  being  called  forth  again  by  oxidation. 

For  the  detection  of  alkali  blue  in  lymph,  the  material  was 
slightly  acidified  with  acetic  acid,  whereupon  the  blue  color  de- 
veloped or  deepened  in  a  few  minutes.  In  order  to  demonstrate 
the  presence  of  the  dye  in  blood,  four  volumes  of  95  per  cent  al- 
cohol were  mixed  with  one  volume  of  blood  sample.  The  mix- 
ture was  stirred  vigorously,  allowed  to  stand  for  2  hours,  and 
filtered.  The  filtrate  was  made  faintly  acid  with  acetic  acid, 
whereupon  the  maximiun  color  developed.  For  the  detection 
of  alkali  blue  in  organs,  tissues,  or  in  dry  feces,  the  material 
was  ground  in  a  mortar  with  95  per  cent  alcohol  in  the  propor- 
tion of  5  cc.  alcohol  for  each  gram  thereof.  The  mixture  was 
allowed  to  stand  for  2  hours  in  a  stoppered  bottle.  The  filtrate 
was  then  treated  as  in  the  case  of  blood.  To  detect  the  dye 
in  the  urine,  acetic  acid  was  added  without  any  other  manipula- 
tion. The  presence  of  the  dye  in  the  bile  was  easily  demonstrated 
by  acidifying.  The  result  was  especially  clear  when  the  bile 
was  diluted  with  about  200  volumes  of  water  before  acid  addition. 
In  order  to  make  an  approximate  estimation  of  the  dye  in  the 
feces,  the  whole  material  was  diluted  to  1  or  2  liters.  50  cc.  of 
it  were  mixed  with  neutral  lead  acetate,  the  latter  being  added 
until  precipitation  ceased.  The  sediment  containing  the  whole 
amount  of  the  dye  was  placed  in  a  100  or  250  cc.  measuring  flask^ 
mixed  with  a  few  cc.  of  acetic  acid,  and  made  up  to  the  mark  with 
95  per  cent  alcohol.  The  filtrate  was  then  compared  in  a  Du- 
boscq  colorimeter  with  the  standard,  prepared  from  the  original 
dye  solution  by  acidifying  and  diluting  with  alcohol. 
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PROTOCOLS. 

Experiments  vrith  Dogs. 

Experiment  I, — Dog  1,  male,  8.8  kg.,  was  anesthetized  with 
"ther  after  injection  of  90  mg.  of  morphine  and  9  mg.  of  atropine, 
k.  cannula  was  introduced  into  the  thoracic  duct:  and  8  cc.  of  2.5 
cent  solution  of  alkali  blue  were  injected  into  the  femoral  vein. 

TABLE  I. 
Lymph, 
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•  Samples  were  taken  from  the  femoral  artery. 
•*  20  min.  after  the  second  injection  of  the  dye. 
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Urine. — Samples,  taken  by  aspiration  of  the  bladder  1,  2, 
and  4  hours  after  the  first  injection  of  the  dye,  did  not  conta: 
the  dye  in  a  free  form,  but  showed  a  very  pale  blue  color  whe 
acidified  with  acetic  acid.    The  urine  flow  was  very  slow. 

Autopsy.— A  hours  after  th'e  first  injection  of  the  dye,  the  dog  was  kill*-  — ed 
by  bleeding.  A  strong  blue  color  of  the  liver  was  the  most  noticeal=z=Dle 
feature  observed.  The  other  organs  and  tissues  showed  no  such  abno 
color.  The  alcohol  extract  of  the  liver  appeared  intensely  blue.  A 
addition  made  its  color  much  brighter.  The  bile  in  the  gall  bladder  c 
tained  the  blue  dye.  The  pyloric  portion  of  the  stomach  mucosa 
covered  with  intensely  blue  muc,us,  the  other  parts  of  the  stomach  sho 
log  the  normal  color.  The  blue  color  extended  to  the  greenish  blue  mu 
in  the  duodenum.  The.  blue  color  of  the  latter  was  markedly  incre 
by  acidifying,  but  the  color  of  the  former  showed  no  such  intensificati 
The  mucus  in  the  upper  part  of  the  jejunum  was  brownish  yellow  a 
showed  a  slight  blue  color  by  acid  addition.  Further  downwards  s 
development  of  blue  color  by  acid  addition  could  not  be  demonstrat 
Even  where  the  Gained  mucus  was  contained  the  mucous  membrane  i^- 
self  showed  no  abnormal  color.  The  kidneys  showed  no  evidence  of  b^  "^ 
color.  In  the  alcohol  eictracts  a  blue  color  could  not  be  observed,  ev^*" 
after  acidification. 

Experiment  II, — Dog  2,  female,  7.7  kg.  First  a  cannula  yr^^ 
introduced  in  the  thoracic  duct,  and  before  the  conclusion  of 
the  experiment  a  bile  fistula  was  established  in  the  common  bil^ 
duct.    As  narcotics  urethane  (10  gm.)  and  ether  were  used. 

TABLE  II. 

Lymph, 


• 

Lymph  flow  in  10  min 

.  intervals. 

Blue  color. 

AdmiQLBtration  of  dye  and  diuretic. 

Before 

t.  »^        'J 

Sample  No. 

Amount. 

acidifi- 
cation. 

After  aad- 
ification. 

cc. 

Before  injection. 

1.4 

— 

— 

8  cc.  of  alkali  blue  into  fe- 

moral vein. 

1 

1.4 

— 

^ 

2 

3.1 

+ 

+> 

3-5 

2.g-5.4 

+ 

+  +  + 

0.15  gm.  of  caffeine  citrate 

and  100  cc.  of  0.9  per  cent 

NaCl  into  femoral  vein. 

6-11 

2.0-4.8 

-h 

++.+ 

12-18 

0.7-1.6 

+ 

+++ 
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Blood,* 
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Time  after  the  dye  injection. 

Blue  color. 

• 

Before  acidification. 

After  acidification. 

5  min 

— 

++4- 

oO     "    

-f  + 

1  hr.  50  min 

-f  + 

3  hra 

4- 

*  Samples  were  taken  from  the  femoral  artery. 

Urine. — 5,  85;  and  180  minutes,  respectively,  after  the  dye 
injection,  urine  samples  were  obtained  by  catheterization.  In 
none  of  them  was  the  dye  found.  Though  caffeine  and  saline 
solution  were  given,  the  urine  secretion  was  very  slow. 

Bile. — ^3}  hours  after  the  dye  injection,  a  cannula  was  inserted 
into  the  conmion  bile  duct.  The  bile  flow  in  successive  10  min- 
ute periods  was  0.9,  1.1,  and  0.5  cc.  The  color  of  these  samples 
was  always  dark  blue.  When  kept  a  few  hours,  their  color  be- 
came yellowish  green,  but  an  addition  of  one  drop  of  acetic  acid 
called  forth  again  the  dark  blue  color. 

Autopsy.— A  hours  after  the  dye  injection,  the  dog  was  killed  by  bleeding. 
The  observations  were  essentially  similar  to  those  described  for  Dog  1, 
the  exceptions  being  that  the  dye  was  not  found  in  the  stomach  and  duo- 
denum, but  it  was  abundant  in  the  greater  part  of  the  jejunum  and  ileum. 

Experiment  III. — Dog  3,  female,  9.5  kg.  Cannulas  were  intro- 
duced into  both  the  thoracic  duct  and  the  conunon  bile  duct, 
as  in  Dog  2.  To  induce  a  nlarked  urine  flow,  a  large  amount  of 
the  saline  solution  was  injected. 

Urine. — Of  the  samples  taken  from  time  to  time  by  catheteriza- 
tiop,  only  one,  removed  1^  hours  after  the  dye  injection,  contained 
a  trace  of  the  dye,  the  others  always  yielding  negative  results. 
Though  a  large  amount  of  the  saline  solution  was  injected,  the 
urine  flow  was  not  augmented.  Protein  and  casts  were  found 
in  some  samples. 
'Bile. — 2  hours  after  the  dye  injection,  a  fistula  was  established 
in  the  conmion  bile  duct.     The  bile  samples,  collected  during 
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TABLE  III. 

Lymph, 


Lymph  flow  in  10  min 

.  intervals. 

Blue  eokr. 

Administration  of  dye  and  diuretic. 

Sample  No. 

Amount^ 

Before 
acidifi- 
cation. 

ifieation 

^ 

cc. 

Before  injection. 

4.8 

— 

— 

8  cc.  of  alkali  blue  into  fe- 

moral vein. 

Part  1 

2.0 

— 

— 

1*' 

"   2 

1.2 

— 

* 

"  3 

0.8 

— 

+ 

"   4 

0.9* 

+ 

++ 

2-3 

4.0-2.6 

+ 

++ 

400  cc.  of  0.9  per  cent  NaCl 

into  femoral  vein. 

4-  5 
6-12 

3.3-  5.5 
8.5-13.0 

I   J    1 

-TT    t 
+  ++- 

10_1Q 

4.4-8.0 

+ 

_l__l    i  — 

±%J—xrj 

T  T   1 

Blood, 


** 


Time  after  the  dye  injection. 


50  min 

1  hr.  30  min.. 

2  hrs 

2  "   30  min. 

3  "    


Blue  color. 


Before  acidification. 


After  acidification. 


*  Subdivisions  were  collected  during  each  2^  min. 
**  Samples  were  taken  from  the  femoral  artery. 

successive  10  minute  periods,  measured  1.2,  1.3,  1.5,  1.0,  0.7 
and  0.8  cc,  respectively.  The  color  was  greenish  blue  and  b 
haved  as  described  for  Dog  2. 

Autopsy. — 3  hours  after  the  dye  injection,  the  animal  was  killed  by  ble 
ing.    The  observations  were  essentially  similar  to  those  described  for  J 
1.     In  the  alimentary  tract  the  dye  was  found  in  the  pyloric  portioi 
the  stomach,  the  duodenum,  and  the  jejunum. 

Experiment  IV. — Dog  4,  male,  11.2  kg.,  was  used  to  see  whe 
alkali  blue  can  enter  the  lymph  otherwise  than  through  the 
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ymphatics.  As  a  narcotic  ether  was  used.  A  cannula  was  placed 
n  a  cervical  lymph  duct.  The  lymph  flow,  facilitated  by  gen- 
ie massage,  was  very  slow.  8  cc.  of  2.5  per  cent  solution  of 
dkali  blue  were  injected  into  the  femoral  vein.  The  cervical 
ymph,  taken  within  10  minutes  after  the  dye  injection,  showed 
lo  blue  color,  even  by  acid  addition.  The  samples,  taken  later, 
rhanged  to  blue  after  acidification;  without  this  manipulation 
he  color  was  pale  yellow.  30  minutes  after  the  dye  injection 
i  l^-mph  sample  was  taken  from  the  thoracic  duct.  It  had  a 
)ale  green  color,  and  after  acid  addition  it  developed  an  intense 
)Iue  color,  which  was  much  deeper  than  that  developed  by  acidi- 
ying  the  cervical  lymph  sample  taken  at  the  same  time.  This 
diows  that  the  thoracic  duct  lymph,  derived  largely  from  the 
iver  lymphatics,  contained  the  dye  in  more  concentrated  form 
ihan  the  cervical  lymph.  45  minutes  after  the  dye  injection 
;he  dog  died  suddenly.  The  bile,  taken  from  the  gaH  bladder, 
was  yellow-brown  and  did  not  show  any  change  of  color  by  acid 
iddition.  Though  the  color  change  of  the  liver  was  not  intense, 
m  alcohol  extract  contained  the  dye  in  free  form.  The  blood 
x)ntained  the  dye  only  in  the  leuko  state.  The  protein^ree 
irine  contained  no  dye. 

Experiment  V. — Dog  5,  male,  9.5  kg.,  was  used  for  compari- 
K)n,  phenoltetrachlorphthalein  and  indigo  carmine  being  the 
iyes  injected.  After  a  dose  of  morphine  (95  mg.)  and  atropine 
[9.5  mg.),  the  dog  was  anesthetized  with  ether. 

Urine. — The  sample,  taken  IJ  hours  after  the  phenoltetra- 
chlorphthalein injection,  became  faintly  red  by  NaOH  addi- 
!;ion.  The  samples,  taken  30  and  70  minutes  after  the  indigo 
carmine  injection,  were  so  dark  blue  with  the  dye  that  they  could 
lot  be  tested  for  the  red  dye. 

Autopsy. — ^The  mucous  membrane  of  the  mouth  was  markedly  blue. 
W\  viscera  were  stained  a  blue  color.  The  liver  was  also  blue,  but  not  so 
ntenae  as  seen  in  the  experiments  with  alkali  blue.  The  bile  in  the  gall 
>ladder  was  markedly  blue.  The  stomach  mucosa  showed  nothing  ab- 
lormal.  The  duodenum  contained  blue  mucus.  Its  color  became  a 
ittle  stronger  by  acid  addition.  Moreover,  with  NaOH  addition  a  strong 
red  color  appeared.  The  first  part  of  the  jejunum  contained  brownish 
^llow  mucus.  No  color  change  was  seen  by  acidification,  but  a  slight  red 
:olor  developed  after  alkali  addition.  Further  down  no  color  change 
nras  produced  either  by  acid  or  alkali  addition. 
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TABLE  IV. 

Lymph. 


AdminutratioQ 
of  dye. 


8  cc.  of  2.5  per 
cent  phenoltet- 
rachlorphtha- 
lein  into  femo- 
ral vein. 


20  cc.  of  1  per  cent 
indigo  carmine 
into        femoral 


vem. 


Lymph  flow  in  10  min.  intervals. 


Sample  No. 


Before  injection. 


1 

2 

3-14 


15 

16 

17-21 


Amount. 


cc. 
1.8 


3.5 

1.4 

1.1-5.4 


8.0 

8.0 

4.8-9.6 


Red  odor. 


Before 

alkaU 

addi- 

tion 


After 

alkali 

addi- 

tion. 


+  + 


Blueoolor. 


Before 

aeid  ad- 

dition. 


Blood.t 


Time  after  phthalein  injection. 


10  min 

50     "      

2  hrs.  10  min 

2  "     40     "     ** 

3  "      


Red  color. 


Before 
alkali  ad- 
dition. 


After  alkali 
addition. 


+ 


Blue  color. 


Before 
acid  addi- 
tion. 


After  add 
addition. 


+ 


*  The  first  appearance  of  the  dye  in  a  free  state  was  6  min.  after  t 
dye  injection. 

t  Samples  were  taken  from  the  femoral  artery. 
**  20  min.  after  indigo  carmine  injection. 

Experiment  VI. — Dog  6,  male,  5.0  kg.,  was  used  to  see  whe 
alkali  blue  is  eliminated  into  the  alimentary  tract  othej 
than  through  the  bile  duct. 
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The  day  before  the  operation  no  food  was  given.  As  narcotics 
nethane  (3.8  gm.)  and  ether  were  used.  A  temporary  bile 
;tula  was  made  in  the  common  bile  duct.  The  bile  flow  was 
»ry  slow,  only  0.1  cc.  being  collected  in  30  minutes.  5  cc.  of 
5  per  cent  solution  of  alkali  blue  were  injected  into  the  femoral 
dn.  Bile  samples  were  collected  during  successive  30  minute 
jriods.  No  dye  was  found  in  Sample  1  but  subsequent  samples 
?re  all  intensely  blue.  The  color  was  greatly  increased  by  acid 
Idition.  The  properties  of  the  bile  were  the  same  as  those 
scribed  for  Dog  2.  The  bile  flow  became  rapid  at  first  and 
len  again  slow,  as  shown  by  the  volumes  of  the  successive 
le  samples  measuring  0.1,  0.2,  0.2,  0.7,  1.9,  0.8,  0.2,  0.2,  0.2,  0.2, 
id  0.2  cc,  respectively. 

-4  utopsy. — 6  hours  after  the  dye  injection  the  animal  was  killed  by  bleed- 
g.  The  contents  and  the  mucous  membrane  of  the  alimentary  tract 
owed  no  blue  color,  even  after  acid  addition.     The  submucous  tissue 

the  alimentary  tract,  especially  of  the  stomach,  had  a  pale  blue  color, 
ough  its  alcohol  extract  did  not  show  any  blue  tone.    Alcohol  extracts 

various  organs  and  tissues,  such  as  kidneys,  spleen,  mucous  membrane, 

the  alimentary  tract,  blood,  and  mediastinal  and  mesenteric  lymph 
Einds,  failed  to  show  blue  color.  Only  the  liver  and  the  bile  in  the  gall 
Etdder  contained'  the  dye  in  a  large  amount.  No  dye  was  found  in  the 
ine;  but  protein  and  casts  were  present. 

Experiment  VII, — To  induce  marked  flow  of  mine.  Dog  7, 
male,  14  kg.,  was  made  diabetic  by  phlorhizin.  8  cc.  of  2.5 
jr  cent  solution  of  alkali  blue  were  then  injected  into  the  jugu- 
r  vein.  The  amount  of  the  urine  in  24  hours  after  the  dye 
jection  was  1.6  liters.  In  spite  cf  this  diuresis,  no  dye  was 
uninated  through  the  kidney's;  but  an  alcohol  extract  of  the 
ces  showed  the  presence  of  the  dye. 

Experiment  VIII. — Dog  8,  male,  8.2  kg.,  was  used  to  see  to 
hat  extent  alkali  blue,  injected  intravenously,  will  be  recovered 

the  feces.  8  cc.  of  2.5  per  cent  alkali  blue  solution  were  in- 
cted  into  the  jugular  vein.  In  order  to  cause  discharge  of 
ces,  magnesium  sulfate  was  administered  by  a  stomach  sound 
and  20  hours  respectively  after  the  dye  injection.     The  feces 

24  hours  after  the  injection  contained  about  8  per  cent  of  the 
/e;  during  the  next  24  hours,  about  5  per  cent.  On  the  3rd 
ly  only  a  trace  of  the  dye  was  found  in  the  feces. 
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Experiment  IX, — Dog  9,  female,  9.5  kg.,  was  used  to  see 
what  extent  alkali  blue,  administeredby  mouth,  will  be  recovered- A 

in  the  feces.    8  cc.  of  2.5  per  cent  alkali  blue  solution  were  givtij ^ 

by  a  stomach  sound.    To  induce  purgation,  magnesium  sulfal 
(25  and  10  gm.)  was  administered  into  the  stomach,  immediate! 
and  again  20  hours  after  the  dye  administration.     The  feces 
24  hours  after  the  dye  administration  contained  58  per  cent  cud/ 
the  dye,  given  by  mouth. 

Experiments  with  White  Rats. 

The  body  weight  of  the  rats  varied  from  170  to  310  gm.  Ln 
Rats  1  and  2,  1  cc.  of  1  per  cent  alkali  blue  solution,  in  Rats 
3  and  4,  1.5  cc.  of  2.5  per  cent  alkali  blue  solution  were  injected 
intraperitoneally.  No  change  of  the  urine  flow  and  no  elimina- 
tion of  the  dye  were  observed.  The  dye  was  always  present  in 
the  feces.  30  hours  after  the  dye  injection,  the  animals  were 
killed.  The  peritoneimi,  especially  the  omentimi,  and  pleurae 
were  intensely  blue  in  color,  but  no  dye  was  found  in  solution 
in  the  cavities.  The  liver  appeared  greenish  blue.  Mesenteric 
and  mediastinal  lymph  glands  were  also  stained  with  the  dye. 
In  the  blood  and  the  remaining  viscera  the -dye  could  not  be 
demonstrated.  The  test  for  it  was  positive  in  the  intestinal 
contents.  In  Rat  5,  for  contrast,  1  cc.  of  1  per  cent  indigo  car- 
mine solution  was  injected  intraperitoneally.  The  dye  was  elimi- 
nated very  rapidly  through  the  kidneys  and  no  trace  of  it  was 
found  in  the  feces.  48  hours  after  the  dye  injection  the  animal 
was  killed.  The  dye  could  nowhere  be  demonstrated.  In  Rats 
6  and  7,  phlorhizin  (0.05  and  0.1  gm.)  was  injected  subcutane- 
ously,to  induce  marked  flow  of  urine.  1  cc.  of  25  per  cent  alkali 
blue  solution  was  injected  intraperitoneally.  Though  the  urine 
flow  was  greater  than  with  the  control  animal,  the  dye  was  not 
eliminated  through  the  kidneys,  but  was  present  in  the  feces. 
In  Rats  8  and  9,  1  cc.  of  2.5  per  cent  alkali  blue  solution  was 
injected  subcutaneously.  The  dye  test  was  negative  in  the 
iu"ine,  but  positive  in  the  feces.  The  blue  color  at  the  injection 
area  was  very  strong  even  after  1  month.  In  Rats  10,  11,  and 
12,  powdered  alkali  blue  was  administered  by  mouth  three  times 
a  day — about  0.05  gm.  at  a  time.     The  feces  were  blue,  but 
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the  urine  contained  no  dye.  After  2  or  3  days  the  animals  were 
lolled.  The  dye  was  found  in  the  alimentary  tract  only,  the 
alcohol  extracts  of  the  Uver,  kidneys,  spleen,  and  blood  always 
yielding  negative  results. 

Experiments  with  Rabbits. 

Experiment  I, — Rabbit  1,  1.9  kg.     2  cc.  of  2.5  per  cent  alkali 
"blue  solution  were  injected  into  an  ear  vein. 

TABLE  V. 
Blood.^ 


Time  after  the  dye  injection. 

Blue  color. 

Before  acidification. 

After  acidification. 

1 
2 
3 
4 

— 

+  + 

+ 
+ 

*  Samples  were  taken  from  an  ear  vein  of  the  other  side. 


The  urine  contained  neither  dye  nor  protein.  The  dye  test 
was  positive  in  the  feces,     (Diarrhea  was  induced  by  a  purgative.) 

Experiment  II. — Rabbit  2,  1.6  kg.  1.5  cc.  of  2.5  per  cent 
alkaU  blue  solution  were  injected  into  the  jugular  vein  under 
cocaine  local  anesthesia.  The  result  was  the  same  as  in  Rabbit 
1,  except  that  the  dye  could  not  be  demonstrated  in  the  blood 
3  hours  after  injection. 

DISCUSSION. 

Passage  of  Alkali  Blue  from  Blood  into  Lymph. — ^AlkaU  blue, 
injected  intravenously,  appears  very  rapidly  in  the  lymph  of 
the  thoracic  duct — ^in  a  leuko  form  within  10  minutes,  in  a 
free  form  a  few  minutes  later  (Dogs  2  and  3).  The  delayed 
appearance  of  the  dye  in  Dog  1  may  have  been  due  to  the  use 
of  morphine  and  atropine  which  affect  the  permeabiUty  of  the 
cellular  membranes.  Although  the  dye  appeared  also  in  the 
cervical  lymph,  its  concentration  was  much  less  than  in  the 
thoracic  lymph  (Dog  4).    Phenoltetrachlorphthalein  and  indigo 
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carmine,  injected  intravenously,  appeared  in  the  thoracic  lymp! 
within  10  minutes.    The  passage  of  the  latter  dye  seemed 
be  much  easier  than  that  of  the  former  (Dog  5). 

Disappearance  from  the  Circulation, — In  the  dog  experiments 
blood  samples  taken  3  or  4  hours  after  the  intravenous  injectio 
of  alkah  blue  (21  to  26  mg.  per  kilo),  contained  the  dye  (Dogs 
1,  2,  and  3),  but  a  sample  taken  after  6  hours  showed  a  negativ 
result  (Dog  6).     In  the  rabbit  experiments  the  dye  disappea 
from  the  circulation  in  3  to  4  hours  after  its  injection.     Phenol — 
tetrachlorphthalein,  on  the  other  hand,  could   not  be   demon — 
strated  3  hours  after  its  injection.     Indigo  carmine  was  not  de — 
tected  in  the  circulation  70  minutes  after  its  injection  (Dog  5). 
This  difference  in  the  rapidity  of  passage  of  the  three  unlike  dyes 
from  the  circulation  is  characteristic.     Keith  and  his  collabora- 
tors showed  that  vital  red  remains  in  the  circulation  for  a  long 
time.     The  t'me  needed  for  elimination  from  the  blood  vessels 
thus  varied  markedly,  according  to  the  properties  of  the  dyes. 

Effect  upon  the  Lymph  Flow. — ^The  rate  of  lymph  flow  was  not 
markedly  changed  after  the  alkali  blue  or  phenoltetrachlorphtha- 
lein  administration  (Dogs  1,  2,  3,  and  5).  On  the  contrar>'. 
indigo  carmine  or  physiological  saUne  solution  caused  a  rapid 
lymph  flow  (Dogs  1,  3,  and  5). 

Elimination  in  the  Bile, — Evidence  was  obtained  that  the  hver 
is  the  chief  if  not  the  only  organ  for  the  elimination  of  alkali  blue. 
Alkali  blue,  injected  parenterally  (intravenously,  intraperitone- 
ally,  or  subcutanecusly),  was  always  found  abimdantly  in  the 
Uver  and  in  the  bile.  About  30  minutes  after  intravenous  in- 
jection of  alkaU  blue,  the  dye  began  to  appear  in  the  bile  (Dog  6). 

Effect  upon  the  Bile  Flow. — As  seen  in  Dog  6,  the  bile  flow 
increased  markedly  after  the  alkali  blue  injection,  the  maximum 
being  2^  hours  after  the  dye  injection.  Though  the  effect  of 
the  narcotics  or  other  factors  may  be  of  significance  here,  it  is 
not  improbable  that  the  dye,  which  is  chiefly  eliminated  into  the 
bile,  may  of  itself  influence  the  rate  of  biliary  flow.  Abel  and 
Rowntree,  who  investigated  the  effect  of  phenoltetrachlorphtha- 
lein  upon  the  bile  flow  in  an  anesthetized  dog,  noticed  no  marked 
influence,  the  variations  in  rate  being  inconstant. 

Elimination  of  Dye  in  the  Urine. — In  none  of  the  experiments 
were  more  than  traces  of  alkah  blue  eliminated  in  the  urine.    In 
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some  experiments  with  dogs  a  decrease  of  the  urine  flow  was  no- 
ticed.    Protein  and  casts  were  also  found.    Ordinary  diuretics 
were  not  effective.    In  addition  to  a  possible  toxicity  the  colloidal 
condition  of  the  dye  may  have  had  some  relation  to  the  decrease 
of  the  urine  flow,  as  Spiro  and  Buglia  reported  for  gelatin  or  gum 
arabic.     Even  in  the  phlorhizinized  animals  (Dog  7,  and  Bats 
6  and  7),  which  showed  a  profuse  flow  of  urine,  the  dye  was 
also  absent  from  the  urine.     Indigo  carmine,  on  the  other  hand, 
uvas  always  found  in  the  urine  in  a  very  high  concentration  (Dog 
S  and  Rat  5).    As  alkaU  blue  is  a  derivative  of  aniline  the  p-ami- 
nophenol  test  was  performed  with  the  urine.    The  results  were 
always  negative.    Rosaniline  (rosaniline  trisulfate  of  soda)  has 
h>een  used  as  a  functional  test  of  kidneys  by  Lupine,  Dreyfus, 
and  others.     It  is  very  easily  eliminated  through  the  kidneys. 
The  difference  in  behavior  between  rosaniline  and  alkali  blue  is 
somewhat  similar  to  the  difference  between  phenolsulfonephtha- 
lein  and  phenol tetrachlorphthalein. 

Absorption  and  Elimination  from  the  Alimentary  Tract. — Experi- 
ments with  Rats  10,  11,  and  12  showed  that  alkaU  blue  is  not 
absorbed  from  the  alimentary  tract.    Abel  and  Rowntree  showed 
"that  phenol  tetrachlorphthalein  and  phenolsulfonephthalein,  eUm- 
inated  in  the  bile,  could  be  reabsorbed  from  the  alimentary  tract, 
t;he  former  from  the  large  intestine,  the  latter  from  the  whole 
intestine.    No  evidence  similar  to  this  was  gained  with  the 
colloidal  alkali  blue.     When  alkaU  blue  was  administered  by 
:inouth  and  a  purgative  was  given  afterwards,  58  per  cent  of  the 
<lye  was  detected  in  the  feces  (Dog  9).    But,  when  the  dye  was 
injected  intravenously,  its  recovery  in  the  feces  was  not  so  suc- 
cessful   as    has    been    reported    for    phenoltetrachlorphthalein 
(Rowntree's  test  for  Uver  fimction).     Part  of  the  alkali  blue 
seenis  to  be  changed  into  some  undetected  forms  in  the  tissues  and 
in  the  alimentary  tract.     This  was  also  demonstrated  in  vitro, 
A  mixture  of  the  dye  and  feces  emulsion  loses  its  dye  content 
gradually.     AlkaU   blue   was  not  eliminated  from  the  mucous 
membrane  of  the  alimentary  tract,  as  shown  in  Dog  6,  in  which 
the  bile  was  prevented  from  pouring  into  the  intestine. 

Absorption  from  the  Subcutaneous  Tissues. — Part  of  the  alkaU 
blue  injected  subcutaneously  remained  fqr  a  long  time  under 
the  skin.     In  Rats  8  and  9  the  area  of  the  injection  was  intensely 
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blue  even  after  a  month.     In  this  respect,  alkali  blue  is  ma^^i^ 
different  from  phenoltetrachlorphthalein,  which  Abel  and  Row"3i- 
tree  could  not  find  at  the  site  of  injection  16  to  24  hours  afti^T 
a  subcutaneous  administration. 

SUMMARY. 

AlkaU  blue,  injected  intravenously,  rapidly  appears  in  fc-  he 
Ijnnph  in  both  leuko  and  free  states^  In  the  cervical  lym^^h 
it  is  less  concentrated  than  in  the  thoracic  duct  lymph.  T"^"le 
lymph  flow  is  not  affected  markedly  by  the  dye  injection.  Allc-^li 
blue,  injected  intravenously  in  doses  of  21  to  26  mg.  per  kL  Jo, 
remains  in  the  circulation  for  a  few  hours  only. 

When  administered  parenterally,  alkali  blue  is  chiefly  eliminat>^3<i 
in  the  bile.  The  dye  seems  to  act  somewhat  as  a  cholagoi 
It  is  not  eliminated  by  the  kidneys  except  in  traces.  No  evidei 
of  its  elimination  or  reabsorption  through  the  alimentary  ti 
was  gained.  When  administered  by  mouth,  the  dye  is  not 
sorbed  and  more  than  a  half  of  the  given  amoimt  may  be 
covered  in  the  feces  with  methods  at  present  available.  Aft>^^ 
intravenous  injection  the  recovery  of  the  dye  in  the  feces  is  m.^^^^ 
so  successful  as  has  been  reported  for  the  somewhat  comparat>l3[ 
functioning  phenoltetrachlorphthalein.  The  elimination  of  al 
blue  through  the  liver  seems  to  be  rather  slow  and  part  of  t^ 
dye  is  changed  into  some  as  yet  undetected  form  in  the  alim< 
tary  tract.  Absorption  of  the  dye  from  connective  tissue  spa(?< 
is  very  tardy.  These  facts  correspond  with  what  might  now 
expected  with  a  dye  of  the  colloidal  properties  noted. 

I  desire  to  express  my  thanks  to  Professor  Lafayette  B.  MeO-^ 
del  for  his  suggestions  and  criticism,  also  to  Professor  ftan*^ 
P.  Underhill  for  his  help. 
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EXPERIMENTAL  STUDIES  ON  GROWTH. 

Vin.     THE  INFLUENCE  OF  A  DIET  DEFICIENT  IN  FATS,  AND  OF 

THE  SAME  DIET  WITH  CHOLESTEROL  ADDED,  UPON 

THE  GROWTH  OF  THE  WHITE  MOUSE. 

By  T.  BRAILSFORD  ROBERTSON. 

iJProm  the  Department  of  Biochemistry  and  Pharmacology,  the  Rudolph 
SpreckeU  Physiological  Laboratory ,  University  of  California , 

Berkeley.) 

(Received  for  publication,  August  29,  1916.) 

The  experiments  which  are  about  to  be  described  were  origi- 
nally undertaken  with  a  view  to  determining  the  effect  upon 
growth  of  a  diet,  otherwise  as  normal  as  possible,  which  is  practi- 
cally cholesterol-free.  Such  a  diet,  however,  if  composed  of 
natural  foodstuffs,  was  found  to  be  necessarily  almost  lipoid- 
free,  so  that  the  effects  observed  may  be,  and  in  view  of  the  fail- 
ure of  addition  of  cholesterol  to  neutraUze  these  effects,  probably 
are,  attributable  to  the  absence  of  other  Upoids,  or  substances 
commonly  associated  with  lipoids.  The  experiment  therefore 
failed  to  accomplish  its  immediate  purpose  and  the  results  ob- 
tained, as  will  be  seen,  merely  afford  a  confirmation  of  the  results 
previously  reported  by  a  number  of  investigators.^  Since  this 
confirmation  was  reached  from  a  widely  divergent  angle,  however, 
it  appears  to  be  w^orth  reporting  as  affording  a  wider  foundation 
for  the  view  of  the  necessity  of  hpoids  in  the  diet  which  has 
found  general  acceptance  in  consequence  of  the  observations 
cited  above. 

»  Stepp,  W.,  Biochem.  Z..  1909,  xxii,  452;  Z,  Biol,  1912,  Ivii,  135;  1913, 
Ixii,  405.  Mendel,  L,  R,  and  Osborne,  T.  B.,  /?  Biol.  Chem.,  1912,  xii, 
81;  1912-1913,  xiii,  233;  1913-1914,  xvi,  423.  McCoUum,  E.  V.,  Halpin, 
J.  G.,  and  Drescher.  A.  H.,  ibid.,  1912-13,  xiii,  219.  McCollum,  E.  V., 
and  Davis,  M.,  ibid.,  1913,  xv,  167.  Funk,  C,  /.  Physiol,  1911-12, 
xliii,  395;  1912,  xliv,  5\).  Cooper,  E.  A.,  Biochem.  J.,  1914,  yiii,  250.  Hop- 
kins, F.  G.,  /.  Physiol,  1912,  xliv,  425.  MacArthur,  C.  G..  and  Luckett, 
C.  L.,  /.  Biol  Chem.,  1915,  xx,  161. 
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The  diet  administered  consisted  of  boiled,  peeled,  and  mashed 
potato,  mixed  for  roughage  with  a  small  proportion  of  bran 
which  had  been  defatted  by  extraction  for  24  hom^  with  hot 
alcohol  followed  by  extraction  for  24  hours  with  ether.     This 
item  of  the  diet  was  suppUed  ad  libitum,  water  was  also  suppUed 
ad  libitum,  and  in  addition  to  these  items  every  group  of  six  mic^ 
received  daily  (except  Sundays)  10  cc.  of  white  of  egg  to  which, 
were   added   five   drops   of   Merck's   water-soluble   chlo»ophyll 
containing  0.2  per  cent  ferric  chloride,  equivalent  to  about  0.1 
mg.  of  ferric  chloride  per  mouse  per  day.^ 

In  the  case  of  the  mice  receiving  cholesterol,  0.5  gm.  of  Merck's 
crystaUine  cholesterol  was  rubbed  up  with  the  10  cc.  of  white 
of  egg  suppUed  to  each  six  mice. 

The  diet  of  the  animals  which  did  not  receive  the  added  cho- 
lesterol was  cholesterol-free,  since  Ellis  and  Gardner  have  found 
that  neither  potato  nor  white  of  egg  contain  any  trace  of  cho- 
lesterol.^ On  the  other  hand,  however,  the  diet  was  also  very 
nearly  fat-free,  since  white  of  egg  contains  only  traces  of  fats, 
soaps,  or  phospholipins*  and  potatoes  boiled  in  their  skins  con- 
tain only  0.03  per  cent  of  fat.^ 

In  other  respects  the  treatment  and  manipulation  of  the  mice 
were  identical  with  the  procedure  previously  reported.^  Twenty- 
four  mice  of  each  sex  and  about  4  or  5  weeks  of  age  were  taken 
at  random^  and  fed  thereafter  with  the  Upin-deficient  diet.  A 
similar  number  of  males  were  similarly  selected  and  fed  there- 
after with  the  lipin-poor  diet  pltis  cholesterol.  The  results  are 
smnmarized  in  Tables  I,  II,  and  III  and  depicted  graphically 
in  Figs.  1,  2,  and  3.     In  computing  the  average  weights  and 

'  A  small  number  of  the  mice  did  not  receive  the  chlorophyll  and  iron 
for  several  week^.  No  difference  due  to  this  omission  was  observed  in  the 
83rmptom8  displayed. 

.  »  Ellis,  G.  W.,  and  Gardner,  J.  A.,  Proc.  Roy.  Soc,,  Series  B,  1913,  Ixxxvi, 
14. 

*  Hammarsten,  O.,  X^^t-book  of  Physiological  Chemistry,  6th  edition, 
New  York,  1911,  601. 

•  Williams,  K.  J.,  /.  Chem.  Soc.,  1892,  Ixi,  239. 

« Robertson,  T.  B.,  and  Ray,  L.  A.,  /.  Biol.  Chem.,  1916,  xxiv,  347. 

'  In  replacing  animals  which  died  within  1  or  2  weeks  of  initiating  the 
diet  large  animals  were  purposely  selected.  Hence  the  initial  average 
weight  of  the  survivors  was,  in  each  experimental  group,  supernormal. 
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liabilities  the  weights  for  5  weeks  preceding  the  death  of  any 
iividual  were  rejected  excepting  after  the  28th  week. 

TABLE  L 

\U  Mice  Fed  on  Fai-Deficient  Diet,    Mean  Duration  of  Life  t7.t  Weeks. 
Variability  of  Duration  of  Life  S7  Per  Cent, 


Ajce. 

Weight. 

Na  weiched  (fat- 
deficient  diet). 

Nonxuil. 

Fat-de6cient  diet. 

wkt. 

^in. 

yin. 

4 

12.38 

15.29 

9 

5 

12.45 

14.31 

16 

6 

15.58 

14.41 

17 

7 

18.08 

15.09 

17 

8 

19.36 

15.00 

15 

9 

20.63 

15.17 

15 

10 

21.19 

16.08 

13 

11 

21.81 

16.58 

13 

12 

22.65 

16.73 

13 

13 

23.31 

17.27 

13 

14 

23.96 

18.29 

12 

15 

24.28 

18.96 

12 

16 

24.75 

19.13 

12 

17 

25.21 

20.64 

11 

18 

25.61 

21.50 

11 

19 

25.81 

21.91 

11 

20 

26.10 

21.91 

11 

21 

26.28 

21.68 

11 

22 

26.06 

22.15 

10 

23 

26.34 

21.70 

10 

24 

26.82 

21.40 

10 

25 

27.05 

20.85 

10 

26 

26.94 

20.65 

10 

27 

26.55 

20.15 

10 

28 

27.19 

19.80 

10 

29 

27.08 

18.55 

10 

30 

27.23 

22.33* 

6 

*  The  apparent  rise  in  weight  at  this  point  is  due  to  the  lightest  animals 
nng  succumbed. 

From  the  first  the  animals  failed  to  do  well  on  this  diet.     A 

•ge  mortality  occurred  during  the  first  few  weeks  and  a  majority 

the  animals  were  afflicted  with  diarrhea  during  this  period. 

lis  rendered  it  a  very  difficult  matter  to  distinguish  with  cer- 
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TABLE  II. 


Female  Mice  Fed  on  Fat-Deficient  Diet.    Mean  Duration  of  lAfe  S7,8  ITeefc^ 

Variability  of  Duration  of  Life  SS  Per  Cent, 


Age. 

Weight. 

No.  weighed  (fat. 
deficient  diet). 

^ 

Normal. 

Fat-deficient  diet. 

vok: 

Qfn. 

gm. 

4 

10.39 

13.17 

6 

5 

11.81 

12.03 

17 

6 

14.12 

11.80 

22 

7 

16.77 

12.38 

20 

8 

17.99 

12.85 

20 

9 

18.78 

12.70 

20 

10 

19.38 

13.22 

18 

11 

20.04 

13.79 

17 

12 

20.31 

13.59 

17 

13 

21.04 

13.94 

17 

14 

21.21 

14.38 

17 

15 

21.78 

15.41 

17 

16 

22.14 

15.68 

17 

17 

22.29 

16.06 

17 

18 

22.22 

16.74 

17 

19 

22.60 

17.03 

17 

20 

22.60 

17.30 

15 

21 

23.06 

17.07 

15 

22 

23.32 

17.21 

14 

23 

23.51 

17.18 

14 

24 

23.68 

17.15 

13 

25 

23.79 

16.73 

13 

26 

24.04 

16.35 

13 

27 

24.00 

16.35 

'n 

28 

23.58 

15.85 

13^ 

29 

23.84 

15.14 

10    ^. 

30 

23.92 

15.60 

^  Except  the  female  which  was  fed  after  the  44th  week  upon  tethel| 
and  which  survived  to  the  age  of  64  weeks. 


tainty  the  animals  affected  with  j8-paratyphoid  while,  on  the  other 
hand,  had  every  aninial  displaying  diarrhea  been  sacrificedi 
nearly  all  of  the  experimental  material  would  have  been  lost. 
As  an  approximate  method  of  evading  this  difficulty,  blood- 
stained feces  or  exceptionally  severe  diarrhea  were  held  indic- 
ative of  jS-paratyphoid,  and  animals  displaying  these  symptoms 
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TABLE  m. 

'«  Mice  Fed  an  Fat'Deficient  Diet  Plus  Cholesterol.    Mean  Duration 
of  Life  ti.i  Weeks.     Variability  of  Duration  of  Life  it  Per  Cent. 


4 

Weight. 

No.  weished  (fat- 
deficient  diet  +  cho- 
lesterol). 

As». 

NonnaL 

Fat-defident 
diet  +  choleBterol. 

wkg.  , 

gm. 

ffn. 

4 

12.38 

11.42 

6 

5 

12.45 

12.96 

14 

6 

15.58 

13.45 

21 

7 

18.08 

14.10 

20 

8 

19.36 

15.00 

17 

9 

20.63 

15.53 

15 

10 

21.19 

15.46 

13 

11 

21.81 

15.65 

13 

12 

22.65 

16.54 

12 

13 

23.31 

16.67 

12 

14 

23.96 

17.04 

12 

15 

24.28 

18.42 

12 

16 

24.75 

20.05 

11 

17 

25.21 

19.95 

11 

18 

25.61 

19.27 

11 

19 

25.81 

19.70 

10 

20. 

26.10 

20.64 

7 

21 

26.28 

20.50 

7 

22 

26.06 

19.79 

7 

23 

26.34 

21.00 

6 

24 

26.82 

20.58 

6 

25     .. 

27.05 

20.08 

6 

26/- 

26.94 

20.00 

6 

if 

26.55 

19.16 

6 

/% 

27.19 

19.00 

6 

29 

27.08 

18.50 

6 

'     30 

27.23 

18.08 

6 

\  killed  and  replaced  by  others^  the  cage  and  food  and  water 
ainers  being  washed  down  with  alcohol. 
uring  this  period  a  decided  loss  of  weight  was  suffered  by  the 
lals  receiving  the  lipin-poor  diet  alone.  The  animals  re- 
ing  this  diet  with  the  addition  of  cholesterol,  however,  showed 
)ss  of  weighty  save  in  a  few  individual  cases,  but,  on  the  con- 
Y,  a  decided  gain  from  the  very  first  (compare  Tables  I  and 
It  is  diflScult  to  interpret  this  very  striking  difference 
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Fio.  1.    Comparison  of  the  growth  curves  of  normal  males  and  of  male 
fed  \ipon  a  diet  deficient  in  fats. 
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Fig.  2.    Comparison  of  the  growth  curves  of  normal  females  and  < 
females  fed  upon  a  diet  deficient  in  fats. 
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Fig.  3.  CompariBon  of  the  growth  curves  of  normal  males  and  of  males 
A  upon  a  diet  deficient  in  fats,  to  which  cholesterol  has  been  added. 

etween  the  behavior  of  the  two  groups  of  animals,  more  especi- 
lly  as  the  animals  receiving  cholesterol  displayed  no  such  supe- 
ority  in  the  later  weeks  of  the  experiment  and  actually  survived 
>r  a  shorter  period  than  the  animals  which  did  not  receive 
lolesterol. 

In  addition  to  diarrhea  and  loss  of  weight,  the  animals  fed 
pen  the  lipin-free  diet  also  displayed,  during  the  first  few  weeks 
Fter  the  initiation  of  the  diet,  the  following  S3anptoms:  The 
dls  were  cold,  clammy,  and  pale,  and  there  was  a  decided  ten- 
BDcy  to  develop  gangrene  in  the  tip  of  the  tail,  with  resultant 
188  of  several  joints.  The  ears  were  perfectly  white,  the  penis 
Bs  usually  extended  and  became  inflamed  and  frequently  gan- 
rened.  The  rectum  appeared  inflamed.  The  movements  of 
16  animals  w^ere  languid  and  they  were  notably  lacking  in 
xength.  The  animals  receiving  cholesterol  also  displaj^ed 
lese  symptoms,  but  in  a  milder  degree. 

At  8  or  9  weeks  of  age,  that  is,  about  a  month  or  5  weeks  after 
le  initiation  of  the  diet,  the  condition  of  the  animals  noticeably 
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improved  although  it  was  at  no  period  remarkably  good.    They 
then  gained  in  weight,  the  lesions  in  the  tail  and  penis  healed, 
and  the  appearance  of  the  coat  improved.    A  fairly  steady 
although  slow  accretion  of  weight   continued  until  about  the 
22nd  week  (a  highly  variable  period  in  the  different  individuals) 
when  a  sudden  and  rapid  loss  of  weight  occurred,  accompanied 
by  marked  hyperirritabiUty  of  the  fl»kin  resulting  in  incessant^ 
scratching  and  in  a  few  cases  in  pimctate  effusion  of  blood  at 
the  surface  of  the  skin.    The  movements  became  weak,  tremu- 
lous,  and  uncertain.    The  animals  ate  incessantly,  and  in  some 
cases  the  urine  had  a  markedly  ammoniacal  odor.      After  a 
varying  period,  usually  about  4  or  5  weeks,  the  animals  died, 
sometimes  after  several  convulsions  of  brief  duration  followed  by 
apparent  recovery.    The  animals  receiving  cholesterol  showed 
no  superiority  over  the  animals  receiving  the  lipin-free  diet  alone, 
and  their  duration  of  life  was,  as  will  be  seen,  even  briefer.    It 
is  a  fact  which  is  perhaps  not  devoid  of  significance  that  the 
final*  rapid  loss  of  weight  and  incidence  of  death  occurred  in 
each  group  of  animals  at  an  average  age  approximately  coincid- 
ing with  a  period  of  relative  instabiUty  in  the  growth  of  normal 
animals.^ 

The  duration  of  life  in  each  group  was  highly  variable  and 
some  individuals  even  survived  for  over  40  weeks.  One  of 
these  individuals  (a  female)  at  44  weeks  had  already  lost  2  gm. 
in  the  preceding  month  and  by  analogy  with  the  other  a-nimftls 
had  only  a  few  days  to  live.  4  mg.  per  day  of  tethelin  were  now 
administered  to  this  animal,  with  the  white  of  egg.  The  lost 
weight  was  slowly  regained  during  the  succeeding  month  and 
this  animal  attained  the  age  of  64  weeks.  The  usual  sharp 
drop  in  weight  and  hyperirritabiUty  made  their  appearance  at 
the  60th  week,  however,  and  the  symptoms  preceding  death 
did  not  differ  in  any  noticeable  fashion  from  those  displayed  by 
the  other  animals.  Whether  the  great  prolongation  of  life  in 
this  individual,  as  compared  with  the  other  members  of  its  group, 
was  attributable  to  the  administration  of  tethelin  or  not,  cannot 
of  course  be  decided  without  more  extended  investigation. 

From  these  results  it  is  evident  that  although  growth  is  possible 

•  Robertson,  T.  B.,  /.  Biol.  Chem.,  1916,  xxiv,  372. 
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Q  the  diet  described,  it  is  impossible  to  maintein  beyond  a 
ertain  period  the  tissue  which  has  been  gained.  In  fact,  para- 
oxical  as  it  may  appear,  we  have  here  a  diet  upon  idiich,  in 
(mtrast  to  certain  diets  lacking  particular  amino-adds,*  growth 
(  possible  but  maintenance  is  not. 
The  influence  of  these  diets  upon  the  variabihty  of  the  animals 
0  which  they  were  fed  is  summarized  in  Table  IV.    In  each 

TABLE  IV. 

Variability. 


lUlM, 

Females. 

Ace. 

Normal. 

Fki-defident 

Faft-defident 

diet  +  nhol»- 

terol. 

Normal. 

Fat-defieieat 
diet. 

«fa. 

per  cent 

percent 

per  cent 

per  cent 

pcreenl 

4 

24.4 

19.6        1        14.2 

23.4 

12.0 

5 

24.6 

18.2        •        19.8 

19.4 

16.0 

6 

22.0 

20.3        1        16.6 

18.9 

15.4 

7 

16.9 

21.8                20.1 

15.0 

16.4 

8 

15.9 

22.9        '        19.6 

13.9 

17.9 

9 

16.5 

24.9                18.2 

13.4 

20.9 

10 

16.7 

21-3                20  7 

14.3 

20.2 

11 

13.3 

23.6                20.8 

12.6 

23.4 

12 

13.7 

21.3                21.9 

12.6 

18.2 

13 

14.2 

23.3 

20.3 

13.0 

20.2 

14 

14.1 

23.9                20.9 

13.2 

19.9 

15 

11.9 

22.8                21.6 

13.7 

22.6 

16 

12.7 

22.5                15.2 

12.6 

22.1 

17 

12.4 

19.9                15.0 

11.9 

22.7 

18 

12.1 

20.8                15.9 

11.9 

22.5 

19 

12.1 

19.7        '        19.2 

12.0 

23.7 

20 

10  8 

17.8                19.4        ' 

11.2 

22.7 

21 

11.2 

18.9                20.3 

12  3 

23.4 

22 

9.0 

18.3                21.3 

12.5 

18.7 

23 

9.8 

20.3                13.6        1 

12.0 

19.3 

24 

10.1 

20.4                13.7 

11.3 

22.9 

25 

11.0 

208                17.1 

11.4 

21.9 

26 

10.8 

23.0                18  1 

11.6 

22.1    • 

27 

11.3 

24.6                19.8 

11.8 

23.1 

28 

10.9 

27.0        ,        20.4 

10.3 

24.0 

29 

10.9 

29.2                20.1 

12.2 

26.5 

30 

9  5 

14  4                25.7 

12.4 

27.4 

*  Osborne  and  Mendel,  /.  Biol,  Chem.,  1914,  xvii,  325. 
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instance  the  initial  variabiUty  of  the  animals  was  subnormal. 
Yet  in  a  very  brief  period  of  feeding  upon  the  diets  the  varia- 
bility  became  supernormal  and  instead  of  decreasing  with  slack- 
ening  growth,  as  in  the  normals,  maintained  a  high  level  through- 
out.   This  would  probably  be  foimd  to  be  a  general  effect  of 
adverse  conditions  of  life,  since  unfavorable  dietetic  or  environ- 
mental conditions  might  be   expected   to  enhance  preexisting 
deviations  from  the  mean,  initially  supernormal  animals  resist- 
ing the  pressure  of  the  unfavorable  environment  more  success- 
fully than  the  average  and  thus  departing  more  widely  than 
before  from  the  now  subnormal  average,  while  initially  subnor- 
mal animals  may  be  expected  to  become  more  subnormal  than 
ever. 

SUMMARY. 

1.  A  diet  composed  of  boiled  and  mashed  potatoes,  defatted 
bran,  and  white  of  egg,  with  the  addition  of  small  amounts  of 
chlorophyll  and  ferric  chloride,  when  fed  to  mice  of  4  or  5  weeks 
of  age,  leads  to  initial  loss  of  weight  followed  by  resmnption  of 
a  retarded  growth.  Ultimately,  however,  a  sharp  decline  in 
weight  occurs,  accompanied  by  marked  hyperirritabiUty  of  the 
skin  and  terminated  by  death. 

2.  The  addition  of  cholesterol  to  the  above  diet  prevents  the 
initial  loss  of  weight,  but  does  not  otherwise  improve  the  wel- 
fare of  the  animals,  the  average  duration  of  Ufe  of  the  animals 
receiving  cholesterol  being  actually  less  than  that  of  the  animals 
which  do  not  receive  cholesterol. 

3.  It  follows  that  although  growth  is  possible  on  the  diet 
described,  maintenance  «of  the  tissue  gained  is  not.  Decline  of 
weight  therefore  occurs  at  an  age  when  the  diminishing  velocity 
of  growth  has  become  insufficient  to  compensate  for  the  deficient 
ability  of  the  tissues  to  replace  their  current  loss. 

4.  The  variability  of  animals  fed  upon  the  diets  described,  as 
is  probably  to  be  expected  under  any  unfavorable  environmental 
or  dietetic  conditions,  instead  of  falling  with  increasing  age  and 
slackening  of  growth,  maintains  a  high  level  throughout  the  life 
of  the  animals. 
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though  synthetic  dyes  have  played  an  important  part  in 
study  of  biolog}''  and  medicine,  the  behavior  of  many  of 
(  compounds  in  the  body  is  still  imperfectly  understood 
the  action  of  some  of  them  is  entirely  unknown.    Owing  to 

extensive  employment  in  numerous  industries,  and  espe- 
r  in  the  preparation  of  foods,  this  lack  of  satisfactory  in- 
ation  frequently  proved  to  be  a  matter  of  serious  import 
lestions  regarding  their  effect  on  health  were  oft^n  raised, 
lo  definite  answer  could  be  given  in  the  present  state  of  our 
rledge. 
le  recognition  of  the  need  of  a  more  intimate  acquaintance 

the  reactions  produced  in  the  body  by  these  compounds 
&d  the  starting  point  of  various  experimental  inquiries  in 
laboratory',  the  present  report  being  the  first  of  a  series 
>nmiunications  embodying  the  results  of  some  of  these 
ligations. 

svious  obser\'ations  on  the  changes  which  might  occur  in 
>luble  dyes  within  the  body  or  on  the  effects  produced  by 
.  have  been  confined  to  only  a  few  members  of  this  group 
were  limited  in  scope.  The  experiments  reported  dar- 
he  past  two  decades  by  Daddi  (1),  Biedermann  (2),  Sit- 
ki  (3),  Hofbauer  (4),  Riddle  (5),  S.  H.  and  S.  P.  Gage  (6, 
lann  (8),  and  others  dealt  chiefly  ^^ith  selective  action  and 
ionally  with  the  path  of  elimination,  benzeneazobenzene- 
^naphthol  (Sudan  III)  being  largely  employed  in  these 
es.     But  the  more  recent   investigations  on  this  subject.. 
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notably  those  of  Mendel  and  Daniels  (9),  included  attempts  to 
gain  infonnation  concerning  the  mode  of  absorption,  distribution, 
elimination,  and  also  toxicity  which  were  carried  out  with  a 
number  of  fat-soluble  dyes,  including  Sudan  III. 

The  present  report  embraces  the  results  of  experiments  with 
fat-soluble  dyes  which  were  made  on  different  animals.  Although 
the  fate  of  these  compounds  in  the  body  was  the  main  object 
of  the  investigation,  observations  were  also  made  on  toxicity. 
The  following  compounds  were  employed,  the  conmiercial  names 
most  commonly  used  and  their  numbers  in  Schultz's  tables  are 
given  at  the  right. 

BenzeneazoiS-naphthylamine Yellow  A.B.** 

TolueneazoiS-naphthylamine Yellow  O.B.** 

BenzeneazobenzeneazoiS-naphthol Sudan  III  223* 

Benzeneazo^-naphthol .Sudan  I  36* 

Benzeneazodimethylaniline Butter  Yellow  32* 

Benzeneazophenol Oil  Yellow. 

Benzeneazoresorcinol Sudan  G  35* 

Aminoazobenzene Spirit  Yellow  31* 

*  Schultz,  Farbstofftabellen,  Berlin,  1914. 
**  Heller  and  Mertz. 

Rabbits  were  mainly  used  as  subjects  of  the  experiments  but 
observations  with  some  dyes  were  also  made  on  a  few  cats  and 
on  rats. 

Methods. 

The  dyes  were  administered  subcutaneously,  intraperitoneally, 
intravenously,  and  by  mouth.  For  subcutaneous  and  intraperi- 
toneal injections  they  were  dissolved  in  cottonseed  oil.  In  a 
few  experiments  at  the  beginning  of  the  research,  liquid  gel- 
atin or  starch  suspensions  were  also  employed  for  this  purpose 
in  order  to  avoid  a  possible  Upuria.  Intravenous  injections 
were  given  in  1  per  cent  sodium  hydroxide  or  in  emulsions 
made  up  with  5  per  cent  acacia,  cottonseed  oil,  and  sodium  car- 
bonate, the  amount  of  dye  in  both  cases  being  0.25  per  cent. 
All  the  dyes  employed  in  these  experiments  were  carefully  puri- 
fied before  using  since  it  had  been  shown  by  some  investigators 
(10)  that  impurities  caused  a  marked  increase  in  their  toxicity. 
In  feeding  experiments  which  were  carried  out  on  rats  the  dye 
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was  incorporated  with  the  food.  Inquiries  were  also  conducted 
to  determine  the  effect  of  renal  disturbance  on  the  elimination 
of  fat-soluble  dyes  in  the  urine.  Zinc  salts  were  mixed  with  the 
food  and  fed  to  rats  with  the  dyes.  Zinc  malate  was  also  intro- 
duced intravenously  into  rabbits,  while  the  dye  was  given  sub- 
cutaneously,  a  short  space  of  time  intervening  between  the  two^ 
operations.  Experiments  were  also  made  on  the  effect  of  oil 
of  chenopodixun  on  the  elimination  of  dyes.  The  presence  of 
<lye  in  the  urine  and  bile  was  determined  by  inspection  and  by 
dyeing  wool. 

I.  The  Elimination  of  Dyes  in  the  Urine. 

Whatever  the  mode  of  administration  lemployed  in  our  experi- 
ments, the  presence  of  the  different  dyes  in  the  urine  (as  well 
as  in  the  bile)  could  be  observed  in  every  case  in  normal  animals. 

Their  appearance  in  the  urine  could  be  observed  within  J 
to  2  hours  after  they  were  injected  subcutaneously.  Elimination 
usually  continued  several  days  and  sometimes  extended  over 
several  weeks  even  when  only  moderate  doses  were  administered. 
Thus  after  the  administration  of  0.25  gm.  per  kilo  of  benzene- 
or  tolueneazo-/3-naphthylamine  the  dyes  were  present  in  the 
urine  for  16  to  17  days.  When  0.7  and  0.77  gm.  per  kilo  of  amino- 
azobenzene  were  given  to  two  rabbits  respectively  the  dye  was 
still  present  in  the  urine  at  the  end 'of  ^0  days.  After  injecting 
0.6  gm.  per  kilo  of  benzeneazodimethylamine  the  urine  was  free 
from  dye  only  at  the  end  of  22  days.  In  experiments  with  ben- 
zeneazoresorcinol  dye  was  still  present  8  to  13  dayd  after  doses 
of  0.2  to  0.3  gm.  per  kilo  were  given.  When  0.5  and  0.65  gm.  of 
it  per  kilo  were  injected  intb  two  rabbits  dye  could  be  observed  in 
the  urine  for  60  days.  The  rate  of  elimination  by  the  kidney  was 
much  faster  after  intravenous  injections.  In  most  experiments 
the  dyes  appeared  in  the  urine  within  9  to  36  minutes.  In  some 
cases  their  appearance  was  delayed  much  longer.  In  one  ex- 
periment it  was  first  noticed  in  the  urine  after  80  minutes.  The 
size  of  the  dose  seemed  to  have  a  marked  influence  on  the  speed 
of  elimination,  as  was  found  in  experiments  with  benzeneazo- 
resorcinol.  When  about  100  mg.  of  the  dye  per  kilo  were  given 
elimination  lasted  1  to  3  days,  while  doses  of  25  to  36  mg.  per 
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kilo  disappeared  from  the  urine  at  the  end  of  2  to  6  hours.  In 
two  experiments,  however,  with  6  and  8  mg.  per  kilo  elimina- 
tion lasted  3  to  4  hours.  It  may  be  remarked  that  the  mediiun 
in  which  the  dye  was  administered  was  without  any  effect  on  the 
rate  of  elimination,  the  speed  being  the  same  whether  given  in 
the  form  of  an  emulsion  or  dissolved  in  sodium  hydroxide. 

That  the  different  dyes  employed  (in  these  experiments)  are 
also  eliminated  in  the  urine  when  they  are  given  by  mouth  was 
shown  in  a  number  of  experiments.  Two  cats  received  100  mg. 
per  kilo  of  benzeneazoresorcinol  with  their  food.  The  next 
morning,  that  is,  in  about  17  hours,  the  urine  was  colored  with 
dye.  Elimination  ceased  in  24  to  48  hours.  Simflar  results 
were  obtained  with  other  fat-soluble  dyes  that  were  fed  to 
different  animaJs.  Rats  that  had  been  receiving  daily  with 
their  food  60  to  70  mg.  of  ben^neazo-/3-naphthylamine  or  120 
to  140  mg.  per  kilo  of  body  weight  of  the  toluene  derivative 
eliminated  these  compoimds  in  the  urine ;  this  was  also  observed 
in  two  rabbits  that  were  given  1  gm.  per  kilo  of  these  dyes  b}' 
mouth.  Elimination  in  the  urine  was  Ukewise  observed  after 
intraperitoneal  injections  of  these  dyes  when  suspended  in  gela- 
tin or  starch  as  well  as  when  dissolved  in  cottonseed  oil.  As 
tests  for  the  presence  of  fat  in  the  urine  after  the  administration 
of  the  dyes  were  invariably  negative,  the  observation  that  these 
substances  are  eliminated  bv  the  kidney  suggested  the  advis- 
ability of  ascertaining  in  wnat  form  they  were  present  in  the 
urine. 

It  was  shown  long  ago  by  Schmiedeberg  (11)  that  aniline  given 
to  animals  is  partly  eliminated  as  glucuronate  and  partly  as  sul- 
fate. It  has  also  been  established  that  various  aniline  deriva- 
tives undergo  similar  changes  in  the  body,  as  shown  in  the  case 
of  antipyrin,  acetanilide,  and  acetophenetidine.  According  to 
Gautrelet  and  Gravellat  (12),  marine  blue  is  eliminated  by  the 
kidney  in  combination  with  sulfuric  acid.  , 

Conjugation  with  sulfuric  or  glucuronic  acid  was  naturally 
thought  of  as  the  mechanism  by  which  the  various  dyes  which 
we  have  studied  might  be  transformed  into  water-soluble  com- 
pounds. This  suggestion  was  tested  in  two  dyes,  benzeneazo- 
resorcinol  and  benzencazophenol,  the  following  procedure  being 
adopted. 
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The  Separation  of  the  Glucuronate  of  Benzeneazoresorcinol. 

The  urine  of  rabbits  which  had  received  the  dye  was  treated 
^th  immiscible  organic  solvents  such  as  amyl  alcohol,  ethyl 
acetate,  benzene,  ether,  toluene,  and  chloroform,  but  aU  the 
^ittempts  to  extract  it  proved  unsuccessful.  Other  procediu^es 
for  the  isolation  of  the  substance  were  therefore  resorted  to.  It 
^vras  found  that  on  treating  the  urine  with  dilute  hydrochloric 
scid  the  dye  could  be  precipitated.  Care  must  be  taken  to  avoid 
^ji  excess  of  the  add  as  the  precipitate  may  be  redissolved  if 
uHis  precaution  is  not  observed.  After  stirring  thoroughly  and 
cooling  with  ice,  the  mixture  was  allowed  to  stand  several  hours 
2md  then  filtered  by  suction.  The  filtrate  was  stiU  dark  colored 
although  no  further  precipitation  could  be  obtained  with  acid. 
The  brownish  red  precipitate  was  washed  with  cold  water  a 
few  times  and  then  cr\'stallized  from  dilute  alcohol.  The  sub- 
:stance  crystallized  in  yellow  to  pale  brown  needle-shaped  prisms 
melting  at  18^190°C.  with  decomposition,  the  yellow  substance 
changing  to  a  red  color  at  130-140*'C.  without  undergoing  any 
other  apparent  transformation. 

The  nitrogen  detenninations  were  made  by  the  modified  Kjeldahl 
method  of  Phelps  and  Daudt  (13).  The  substance  was  dried  at  115**C.  for 
<  hours.  The  calculated  amount  of  nitrogen  in  glucuronate  of  benxeneaxo- 
resoreinol.  Ci«Hs*XiO»,  was  6.86  per  cent;  found.  6.85  per  cent. 

Reactions  of  Glucuronate  of  Bemeneazoresordnol. — ^The  substance 
d^^ed  wool  yellow,  gave  no  test  for  sulfiu*  or  halogen,  and  did  not 
respond  to  the  resorcinol  test.  On  reduction  in  aqueous  or  alco- 
1k^  solution  with  stannous  chloride  the  yellow  color  disappeared 
and  did  not  return  when  exposed  to  the  air,  even  when  treated 
with  oxidizing  agents. 

Hydrolysis. — 0.5  gm.  of  the  glucuronate  was  suspended  in 
100  cc.  of  water  to  which  2.5  cc.  of  HCl  (sp.  gr.  1.19^  were  added. 
Hydrolysis  was  effected  by  lx>iling  the  mixture  until  the  solution 
became  red.  When  boiled  for  1  hour  a  red  substance  separated 
out  on  cooling.  It  was  made  slightly  alkaline  with  sodiimi  hydrox- 
ide and  warmed  on  the  steam  bath  for  1.5  hours,  the  clear  red 
strfution  cooled,  and  then  neutrahzed  with  acetic  acid.  A  red 
precipitate  was  obtained!  which  was  filtered  off.  This  substance 
was  insoluble  in  water  and  cr\-stallized  from  dilute  alcohol  in 
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beautiful  acicular  crystals  which  melted  at  165®C.  to  a  clear  oil. 
When  mixed  with  benzeneazoresorcinol  (melting  point  167-8**C. 
to  an  oil)  the  mixture  also  melted  at  167-8®  C.  to  a  clear  oil. 

Furfurol-HCl  Distillation. — 0.5  gm.  of  the  substance  was 
suspended  in  HCl  (sp.  gr.  1.06)  and  distilled  according  to  the 
method  described  by  Abderhalden  (14).  The  distillate  gave  a 
strong  test  with  aniline  acetate  and  on  treatment  with  phlord- 
glucinol  the  solution  turned  bright  yellow,  then  green,  and  fin- 
ally became  turbid  with  a  greenish  black  precipitate  of  the  fur- 
furol-phloroglucid. 

Naphthoresordnol  Reaction. — The  conjugated  product  was  boiled 
in  10  cc.  of  water  containing  a  few  drops  of  concentrated  HCl, 
cooled,  and  treated  with  an  equal  volume  of  concentrated  HCl. 
(The  substance  would  not  respond  to  the  test  without  this 
previous  hydrolysis.)  To  this  were  added  2  cc.  of  an  alcoholic 
solution  of  naphthoresorcinol  and  the  mixture  was  boiled  for 
1  minute,  allowed  to  cool,  and  extracted  with  ether.  The  ether 
took  on  a  violet  color  and  showed  an  absorption  band  at  D. 

The  Separation  of  the  Glucuronate  of  Bemeneazophenol. 

The  m-ine  containing  this  substance  behaved  towards  immiscible 
extracting  solvents  in  a  manner  similar  to  the  one  previously 
described.  The  24  and  48  hoiu*  urines  of  rabbits  which  had 
received  benzeneazophenol  were  treated  with  concentrated  HCl 
until  precipitation  was  complete.  The  mixture  was  cooled  with 
ice  and  the  yellow  precipitate  filtered  oflf  by  suction.  This 
product  was  crystallized  from  dilute  alcohol  from  which  it  sepa- 
rated in  yellow  rectangular  plates  or,  sometimes,  acicular  prisms 
melting  at  164-5°C.  with  decomposition. 

The  substance  was  dried  at  110°C.  for  4  hours.  The  amount  of  nitro- 
gen calculated  in  benzeneazophenolglucuronate  (CisHtoNsOt)  was  7.14 
per  cent;  found,  6.85  and  6.76  per  cent. 

Reactions  of  the  Glucuronate  of  Bemeneazophenol. — ^The  sub- 
stance dyed  wool  a  light  yellow,  gave  no  test  for  sulfur  or  halo- 
gen, and  did  not  respond  to  the  Millon  test.  It  was  reduced 
by  tin  chloride  in  aqueous  or  alcoholic  solution  to  a  colorless  solu- 
tion but  the  color  did  not  return  on  oxidation. 
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Hydrolysis. — 0.15  gm.  of  the  glucuronate  was  suspended  in 
25  CO.  of  water  and  treated  with  0.6  cc.  of  concentrated  HCl.  The 
mixture  was  boiled  gently  under  a  reflux  condenser,  whereupon 
the  substance  gradually  went  into  a  light  red  solution  with  a 
floating  dark  red  oil.  The  hydrolysis  was  continued  for  4  hours 
smd  on  cooling,  yellow  prismatic  cr3rstals  separated.  This 
substance  was  filtered  off  and  washed  with  cold  water.  On 
ciystallization  from  dilute  alcohol  peculiar  hairy  crystals  were 
deposited  which  melted  at  154-5°C.  to  a  dark  red  oil.  These 
cr3rstals  gave  a  Millon  test  and  on  mixing  with  some  benzene- 
lizophenol,  which  melts  at  154-5^0.  to  an  oil,  the  mixture  also 
melted  at  the  same  temperature. 

Furfurol-HCl  DistiUation, — 65  mg.  of  the  gluciux)nate  were 
suspended  in  HCl  (sp.  gr.  1.06)  and  distilled  as  pteviously  de- 
scribed. The  distillate  gave  a  strong  Schiff  test  with  aniline  ace- 
tate and  also  a  characteristic  furfurol  reaction  with  phloroglucinol. 
Xaphtharesorcinol  Test — ^This  test  was  carried  out  exactly  as 
described  under  the  gluciut)nate  of  benzeneazoresorcinol.  A  posi- 
tive reaction  was  obtained  and  the  violet-colored  ether  showed 
an  absorption  band  in  the  yellow  at  D. 

On  account  of  the  color  imparted  to  a  solution  of  these  glu- 
curonates  and  the  low  specific  rotation  of  glucuronic  acid,  no 
veiy  satisfactory  results  could  be  obtained  as  regards  optical 
activity.  1  per  cent  solution  of  the  phenol  derivative  in  50  per 
cent  alcohol  showed  a  rotation  of  —3**  in  a  0.5  dm.  tube.  After 
hydrol3rsis  with  dilute  sulfuric  acid  this  rotation  was  decreased 
to  0^  but  because  of  the  energetic  treatment  which  is  necessary 
for  the  hydrolysis  of  this  product,  the  glucuronic  acid  was  prob- 
ably decomposed  and  no  positive  rotation  of  the  free  acid  could 
be  detected.  In  another  experiment  where  less  material  was 
'utilized,  the  hydrolysis  changed  the  rotation  from  —0.3  to  +0.1**. 
However,  these  readings  in  dark  colored  fields  are  within  the 
limits  of  experimental  error.  The  synthesis  with  glucuronic 
acid,  as  established  in  the  case  of  benzeneazophenol  and  benzene- 
az6resorcinol,  indicates  that  the  behavior  of  these  substances  in 
the  body  is  similar  to  that  of  other  members  of  the  aromatic 
series.  It  may  be  inferred,  therefore,  that  the  other  fat-soluble 
dyes  whose  elimination  in  the  urine  was  observed  had  under- 
gone a  similar  change,  those  not  possessing  a  hydroxy!  group 
first  being  oxidized  to  hydroxy'  derivatives. 
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//.  The  Eliminniion  of  Dyes  in  Diseases  of  the  Kidney, 

In  a  niinilwr  of  experiments  on  rabbits  that  received  intra- 
venously 10  nij?.  of  zinc  per  kilo  in  the  form  of  malate,  marked 
albuminuria  was  present,  severe  lesion  of  the  kidney  being  found 
on  microscopic  examination.  The  elimination  of  dyes  which 
were  given  subcutaneously  was  very  slight  at  first.  In  alx)ut 
21  to  24  hours  they  completely  disappeared  from  the  urine. 

As  mentioned  above,  the  elimination  of  fat-soluble  dyes  was 
observed  in  rats  when  these  substances  were  incorporated  with 
the  lard  that  formed  one  of  the  ingredients  of  their  diet.  In 
two  of  these  experiments  zinc  was  given  with  the  food,  40  gm. 
of  wliich  contained  60  mg.  in  the  form  of  the  acetate  or  of  the 
sulfate.  The  urine  examined  18  hours  later  failed  to  show  the 
presence  of  the  dye,  thus  indicating  that  renal  function  nuiy 
be  impaired  even  when  the  metal  is  given  with  the  food. 

Evidence  of  decreased  permeability  of  the  kidney  was  also 
present  after  the  subcutaneous  injection  of  oil  of  chenopodium, 
but  the  results  were  net  constant,  elimination  being  inhibited 
.in  only  eight  out  of  fourteen  rabbits.  Almost  complete  suppres- 
sion of  elimination  was  observed  in  one  experiment  in  which  the 
dyes  were  injected  several  days  previous  to  the  administratiou 
of  oil  of  chenopodium.  In  two  others,  in  which  it  was  given 
inmiediately  before  the  oil  of  chonopodixmi,  the  same  results 
were  obtained,  none  l)eing  eliminated  during  the  first  24  hours, 
while  the  uruie  obtained  on  the  following  day  was  butsliglitly 
colored.  In  a  third  series  of  experiments,  typical  protocols  of 
which  are  given  below,  the  evidence  of  decreased  permcabilit> 
of  the  kidney  after  the  administration  of  fat-soluble  dy^s  was 
even  more  sati8factor>'. 

linbhit    1,671.    livlgian    Male.     Weight    1,S96   Gm.     Diet,    Gala. 

Jan.  IS.    SiihrutanoouR  injection  of  0.75  gm.  of  honseneasodimethyl- 

anilino  dissolviHl  in  15  cc.  of  rotton.sooii  oil. 
Jan.  10,  0  a.m.     Trino  rollrrted.    ('Ontained  considorablo  amounts  of 

<lyo.     1   p.m.    0.55  cr.  oil  of  ohonopodium  given  by  mouth  in  16 

re.  of  coi^oaniit  oil. 
Jan.  'JO.  0  a.m.     Uai>l)it   found  dead.    The  urine  which  passed  since 

the  oil  of  chenopodium  wa.H  fed  did  not  contain  any  dye.    This 

ral)l>it  had  all)uminuria  for  the  last  0  dav8. 
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Rablnt  1,694.    Black  Male.    Weight  1,950  Gm.    Diet,  OaU. 

Jan.  21.  Subcutaneous  injection  of  0.5  gm.  of  benzeneazophenol  in  10 
cc.  of  bleached  cottonseed  oil. 

Jan.  22,  9  a.m.  Urine  collected.  Contained  a  considerable  amount  of 
dye.  2.47  p.m.  0.8  cc.  of  oil  of  chenopodium  in  cocoanut  oil 
given  by  mouth.  Elimination  of  dye  continued  unchanged  for  the 
next  3  days,  but  the  elimination  was  permanently  suppressed  after 
this. 

Rabhit  1,666.    Belgian  Female.     Weight  1,400  Gm.    Diet,  OaU. 

Jan.  7,  11.10  a.m.    Subcutaneous  injection  of  1  gm.  of  benzeneazophenol 

in  bleached  cottonseed  oil.    4.10  p.m.    Urine  obtained  from  bladder 

showed  presence  of  dye. 
Jan.  11.    Dye  still  eliminated  in  urine,  0.56  cc.  of  oil  of  chenopodium 

in  15  cc.  of  cocoanut  oil  given  by  mouth. 
Jan.  12.     Urine  showed  the  presence  of  slight  amounts  of  dye. 
Jan.  13.    Urine  did  not  contain  any  dye.    An  examination  of  the  urine 

daily  for  several  days  failed  to  indicate  the  presence  of  dye. 

The  experiment  was  repeated  on  another  rabbit  with  the  same 
result.  In  both  cases  albumin  was  found  in  the  urine  on  the 
3rd  day  after  the  injection  of  chenopodium  and  persisted  for 
several  weeks.  In  some  rabbits,  however,  the  elimination  of 
dye  continued  uninterruptedly  after  oil  of  chenopodium  was 
given  although  albumin  was  present  in  the  urine.  Permeability 
of  the  kidney  for  the  dyes  studied  may  be  independent,  there- 
fore, of  albuminuria  which  is  frequently  physiological  in  the 
rabbit  (15).  The  failure  of  the  dye  to  pa^  out  in  the  urine 
could,  nevertheless,  be  attributed  to  renal  disturbance.  It 
has  been  shown  by  Salant  and  Livingston  (16),  that  oil  of  cheno- 
podium produced  a  marked  fall  of  blood  pressure  with  a  pro- 
nounced decrease  in  the  volume  of  the  kidney.  Impaired  func- 
tion due  to  deficient  nutrition  caused  by  the  lessened  blood 
supply  might  thus  interfere  with  the  eliminating  power  of  the 
kidney.  This  would  seem  to  be  highly  probable  in  view  of  the 
experiments  of  Litten  (17),  who  observed  different  degrees  of 
injury  after  clamping  the  renal  arter>'  for  IJ  to  2  hours.  On 
the  other  hand,  abolition  of  the  synthetic  function  of  the  liver 
might  be  regarded  as  the  cause  of  the  absence  of  the  dye  from 
the  urine  in  poisoning  with  oil  of  chenopodium.  That  this  was 
not  the  case  appeared  from  experiments  which  were  carried  out 
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on  rabbits  with  hydrazine,  which  is  a  hepatic  poison.  Oil- 
soluble  dyes  given  to  such  animals  were  eliminated  in  the  urine 
as  was  ot^erved  in  the  case  of  normal  animals. 

III.  The  Elimination  of  Dyes  in  the  Bile. 

Abel  and  Rowntree  (18)  observed  that  the  oilnsoluble  tetra- 
chlorophenolphthalein  is  eliminated  in  the  bile  but  not  in  the 
urine.  The  experiments  of  Mendel  and  Daniels  (9)  with  a  num- 
ber of  fat-soluble  dyes  showed  that  the  bile  was  the  sole  path 
of  elimination  for  all  those  compounds  which  they  examined. 
As  shown  in  the  preceding  pages  this  view  cannot  be  crlipported 
in  the  light  of  our  observations  on  the  subject.  Their  state- 
ment that  these  dyes  may 'be  eliminated  by  the  liver,  however, 
was  fully  corroborated  by  us  in  the  present  investigation.  Exami- 
nation of  the  bile,  made  after  a  proper  interval  following  the  ad- 
ministration of  the  diflferent  dyes  which  we  have  studied,  showed 
that  the  Uver  played  an  important  part  in  the  elimination  of 
these  compounds.  Bile  removed  from  the  gall  bladder  of  a 
rabbit  14  days  after  the  subcutaneous  injection  of  tolueneazo- 
/3-naphthylamine  contained  a  small  amount  of  the  dye.  Evi- 
dence of  elimination  by  this  path  was  also  obtained  in  experi- 
ments with  benzeneazo-iS-naphthol.  The  bile  of  three  rabbits 
which  received  0.5  to  0.6  gm.  per  kilo  subcutaneously  was  still 
deeply  colored  at  the  end  of  12,  13,  and  18  daySi  The  results 
were  more  striking  after  intravenous  injections,  the  bile  being 
obtained  from  a  temporary  fistula.  In  experiments  on  three 
rabbits  which  received  0.022,  0.029,  and  0.043  gm.  per  kilo  in- 
travenously, the  color  was  noticed  in  the  bile  in  16,  17,  and  18 
minutes  respectively.  Similar  results  were  obtained  in  experi- 
ments with  several  other  dyes.  The  period  of  elimination  was 
found  to  be  relatively  short.  After  the  intravenous  injection 
of  0.130,  0.140,  and  0.160  gm.  of  benzeneazoresorcinoL  per  kilo,  no 
dye  could  be  observed  in  the  bile  at  the  end  of  4  hours.  It  may 
be  remarked  that  the  period  of  eUmination  when  a  dose  of  0.020 
gm.  per  kilo  of  benzeneazophenol  was  injected  intravenously 
was  3J  hours.  The  probable  significance  of  this  will  be  discussed 
later.  It  is  interesting  to  observe  that  elimination  in  the  urine 
continued  for  some  time  after  the  dyes  disappeared  from  the 
bile.    After  the  subcutaneous  injection  of  benzeneazoresorcinol 
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the  bile  in  two  experiments  was  free  from  dye  at  the  end  of  8 
and  13  days  but  it  was  still  present  in  the  urine.  This  was  also 
noticed  after  intravenous  injections.  A  typical  illustration  of 
this  is  presented  in  the  following  experiment. 

Rabbit  2fl2S. 

9.45  a.m.    Ether  administered,  camiula  inserted  in  bile  duct,  and  wound 

closed. 
10.10.    Bile  light  green. 

10.21.    5 CO.  of benzeneazoresorcinol  in  1  percent  sodium  hydroxide,  in- 
jected into  ear  vein  in  6  minutes. 
10.36.    Dye  appeared  in  urine. 

11.10.    Urine  obtained  from  bladder  normal  in  appearance. 
11.25.    Urine  very  faintly  tinged  with  dye. 
11.40.    Presence  of  dye  in  urine  distinct. 
1.30  p.m.    13  cc.  of  reddish  brown  bile  collected.    Bile  light  colored  and 

became  normal  in  appearance  in  about  1  hour. 
4.15.    5  cc.  of  bile,  yellowish  green. 

The  following  day,  9  a.m.,  23  cc.  of  olive-green  bile  collected. 
12.20  p.m.    Urine  obtained  from  bladder  still  colored  with  dye.    Rab- 
bit chloroformed. 

The  observation  in  this,  as  in  several  other  experiments,  that 
the  dye  continues  to  pass  out  in.  the  urine  after  its  disappear- 
ance from  the  bile  is  very  suggestive,  as  it  points  to  the  kidney 
and  not  to  the  liver  as  being  the  chief  organ  of  excretion  for  these 
compounds.  This  is  particularly  interesting  in  view  of  the  re- 
sults of  Mendel  and  Daniels  (9)  who,  it  will  be  recalled,  main- 
tained that  the  fat-soluble  dyes  are  eliminated  entirely  by  the 
liver,  their  presence  in  the  urine  being  observed  only  when  lipuna 
existed.  The  decreased  permeability  of  the  kidney  which  we 
noticed  in  zinc  nephritis  suggests  that  a  similar  process  might 
have  been  operative  in  the  e)q)eriments  of  these  investigators. 
Our  observations  on  the  inhibitory  effect  of  oil  of  chenopodium 
on  the  elimination  of  dyes  make  this  supposition  highly  probable  " 
for  there  was  no  evidence  of  renal  injury  caused  by  the  oil,  which 
indicates  that  the  mechanism  for  the  elimination  of  these  sub- 
stances might  be  deranged  although  no  abnormality  was  observed 
in  the  appearance  of  the  kidney  or  of  the  urine  secreted.  The 
discrepancy  between  the  results  of  Mendel  and  Daniels  and 
those  which  we  obtained  may  thus  be  explained.  It  is  entirely 
possible  that  the  animals  they  used  in  their  experiments  were  not 
normal. 
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IV.  Are  Dyes  Eliminated  into  the  Gastro-Intestinal  Canalf 

Observations  have  also  been  made  on  the  elimination  of  fat- 
soluble  dyes  into  the  gastro-intestinal  canal.  In  one  experiment 
in  which  0.29  gm.  of  benzeneazo-/3-naphthol  per  kilo  was  given 
intravenously  tc  a  rabbit,  the  contents  of  the  lower  portions 
of  the  jejunum  and  of  the  ileum  were  stained  but  no  evidence  of 
the  presence  of  dye  in  the  rest  of  the  gastro-intestinal  canal 
could  be  obtained  in  this  case.  The  experiment  was  repeated 
on  another  rabbit  but  no  dye  could  be  seen  in  any  part  of  the 
gastro-intestinal  canal.  Tests  with  several  other  fat-soluble 
dyes  used  in  this  investigation  likewise  proved  negative.  The 
presence  of  the  dye  in  the  intestine  might,  therefore,  be  due  to 
abnormal  conditions.  The  recent  report  of  Lewis  (19)  on  trypan 
red  is  suggestive.  After  the  intravenous  injection  of  this  sub- 
stance into  rabbits  he  observed  large  amounts  of  the  dye  in  the 
aqueous  humor  when  the  eye  was  congested,  but  this  fluid  was 
free  from  color  when  the  eye  was  normal. 

V,  The  Distribution  of  Fai-Solvble  Dyes  in  the  Body, 

Observations  on  this  subject  have  been  made  by  several  investi- 
gators. Mann  (8)  claimed  that  animals  fed  oils  colored  with  ben- 
zeneazobenzeneazo-/3-naphthol  show  only  staining  of  the  adipose  tis- 
sue. S.  H.  and  S.  P.  Gage  (7)  failed  to  observe  staining  of  the 
nerve  fibers  of  chicks  developed  from  eggs  stained  with  benzeneazo- 
benzeneazo-i3-naphthol,  but  they  reported  that  the  adipose  tis- 
sues were  stained  with  the  dye.  Mendel  and  Daniels  (9),  who 
experimented  with  a  number  of  fat-soluble  dyes  on  different  ani- 
mals found  that,  with  a  few  exceptions,  the  adipose  tissue  and 
bone  marrow  were  stained.  This  was  rarely  the  case  with  the 
muscles  while  the  nervous  system  and  kidneys  appeared  to  be 
consistently  free  from  dyes.  Their  presence  in  the  liver  could 
be  observed  in  some  cases  but  in  the  greater  proportion  of  ex- 
periments no  staining  of  this  organ  could  be  noticed  after  the 
administration  of  any  of  the  coloring  substances. 

Our  studies  on  the  distribution  of  the  different  dyes  in  the  body 
were  made  on  rabbits  and  on  cats.  We  found  that  the  adipose 
tissues  were  always  colored  with  the  dye,  no  matter  how  intro- 
duced into  the  body,  the  color  persisting  even  after^ts  elimination 
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in  the  bile  and  urine  had  ceased.  Staining  of  the  other  tissues 
was  seldom  noticed.  In  a  few  instances  only  could  any  dye  be 
seen  in  the  nervous  syistem.  A  cat  which  had  fasted  6  days  re- 
ceived intraperitoneally  2  gm.  of  benzeneazo-/3-naphthylamine 
per  kilo,  suspended  in  starch  solution.  The  urine  was  colored 
until  the  death  of  the  animal  which  occurred  45  hours  after  the 
dye  was  administered.  On  autopsy  the  dye  could  be  seen  very 
distinctly  in  the  brain,  nerves,  voluntary  muscles,  subcutaneous 
tissues,  and  in  the  fat.  It  may  be  observed  that  a  large  amount 
of  dye,  apparently  unchanged,  was  still  present  in  the  peritoneal 
cavity.  A  second  experiment  with  this  dye  was  repeated  on  a 
well  fed  cat,  1.3  gm.  per  kilo  suspended  in  starch  being  adminis- 
tered intraperitoneally.  The  cat  died  45  hours  later.  The 
subcutaneous  tissues  and  fat  of  the  body  were  likewise  colored 
in  this  case;  neither  the  brain  nor  spinal  cord  showed  the  presence 
of  dye  but  the  nerves  were  stained.  The  same  results  were  ob- 
tained with  tolueneazoiS-naphthylamine  dye,  which  was  also 
administered  intraperitoneally  to  a  well  fed  cat,  a  dose  of  0.88 
gm.  per  kilo  suspended  in  starch  being  given.  The  duration 
of  life  in  this  case  was  9  days.  The  urine  contained  the  dye  dur- 
ing the  life  of  the  animal.  A  dose  of  1.1  gm.  per  kilo  was  given 
to  another  cat  in  the  same  way.  The  duration  of  life  was  nearly 
6  days.  Slight  coloration  of  the  subcutaneous  tissues  was  ob- 
served but  the  nervous  system  was  free  from  dye. 

That  the  duration  of  life  might  be  an  important  factor  in  the 
persistence  of  the  various  dyes  in  the  tissues  was  shown  in  the 
following  experiments  in  which  the  substance  was  introduced 
directly  into  the  circulation.  In  two  rabbits  in  which  benzene- 
azoresorcinol,  0.1  gm.  per  kilo,  was  given  intravenously  it  was  pres- 
ent in  the  subcutaneous  tissues,  fat,  brain,  and  nerves,  in  one  of 
the  rabbits  which  lived  a  Uttle  over  4  hours,  while  in  the  other, 
which  lived  18  hours,  the  subcutaneous  tissues  and  fat  alone  were 
colored.  It  may  be  remarked  that  in  several  experiments  with 
different  dyes,  the  nervous  system  was  free  from  dye  at  the  end 
of  4  to  6  hours  after  the  intravenous  administration.  In  one 
experiment  on  a  rabbit  0.125  gm.  per  kilo  of  benzeneazo-jS-naph- 
thylamine  was  administered  intravenously  in  the  form  of  an 
emulsion.  The  rabbit  Uved  3^  hours.  On  autopsy  the  dye  was 
found  in  the  fat,  subcutaneous  tissue,  brain,  nerves,  medulla  of 
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the  kidney,  muscles,  cartilage,  and  lungs.  In  similar  experi- 
ments in  which  the  duration  of  life  was  longer,  the  nervous  system 
usually  appeared  normal  in  color.  In  a  few  cases,  the  nerves 
alone  were  stained.  It  might  be  added  that  the  distribution  of 
the  dye  was  not  restricted  to  fatty  tissues  and  the  nervous  sys- 
tem. The  femur  was  found  markedly  colored  in  one  experi- 
ment after  the  intravenous  injection  of  benzeneazoresorcinol ; 
the  bone  marrow,  however,  was  unstained  in  this  case.  The  re- 
sults concerning  distribution  may  be  briefly  sunmiarized  by  stat- 
ing that  the  subcutaneous  tissues  and  fat  are  generally  colored 
after  the  administration  of  fat-soluble  dyes.  The  brain  may  also 
contain  dye  occasionally,  but  the  nerves  are  apt  to  be  stained 
perhaps  a  little  more  frequently  than  the  central  nervous  system. 
We  also  made  observations  on  the  disappearance  of  dye  from 
the  blood.  The  tests  were  made  with  benzeneazoresorcinol  only, 
which  was  given  intravenously.  In  three  experiments  in  which 
25  and  67  mg.  of  the  dye  per  kilo  were  introduced,  it  was  still 
present  in  the  serum  after  9i  to  15  hours.  This  is  especially 
interesting  since,  as  it  will  be  recalled,  elimination  of  the  dyes 
we  examined  ceased  in  the  bile  and  in  the  urine  in  4  to  5  hours 
after  their  administration.  It  seems  quite  probable,  therefore, 
that  the  elimination  of  these  bodies  occurs  only  as  long  as  there 
are  excessive  amounts  in  the  circulation.  It  may  also  be  pointed 
out  in  this  connection  that  some  of  the  tissues  of  the  body  were 
stained  when  the  bile  and  the  urine  no  longer  showed  the  pres- 
»ence  of  dyestuflf.  This  observation  that  fat-soluble  dyes  may 
be  present  in  the  blood  and  other  tissues  in  visible  form  after  they 
can  no  longer  be  seen  in  the  excretions  might  be  due  to  fatigue 
of  the  excretory  mechanisms  for  these  compoimds  which,  as  we 
have  seen,  seem  to  be  exceedingly  delicate  and  imstable.  That 
a  firm  combination  might  be  formed  with  lipoids  in  the  tissues 
from  which  the  dye  is  either  separated  with  diflSculty  or  is  trans- 
formed into  a  leuko  compound  and  thus  escapes  detection,  also 
appears  to  be  a  plausible  explanation. 

VI.  Experiments  on  Toxicity, 

Although  the  present  studies  were  mainly  confined  to  inquiries 
on  the  fate  of  fat-soluble  dyes  in  the  body,  observations  were 
also  made  on  the  toxicity  of  these  compounds.     It  might  be 
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stated  in  advance  that  none  of  the  dyes  examined  were  found  to 
be  very  poisonous  to  the  animals  on  which  they  had  been  tested. 
Thus,  rabbits  which  received  1  to  2  gm.  of  benzenea20-;3-naph- 
thylamine  or  of  the  toluene  homologue  (see  Tables  I  and  II) 
dissolved  in  oil  and  injected  subcutaneously  or  intraperitoneally 
caused  death  in  4  to  9  days.  A  dose  of  0.25  gm.  per  kilo  was  borne 
without  manifestation  of  any  untoward  e£fects.  It  is  interest- 
ing to  observe  that  a  dose  of  1  gm.  per  kilo  in  oil  given  by  mouth 
was  more  toxic  than  when  given  subcutaneously,  the  duration 
of  life  in  one  rabbit  being  2f  days,  in  another  rabbit  about  40 
hours.  As  already  mentioned,  feeding  experiments  in  rats  were 
also  carried  out  with  these  dyes.  About  60  to  70  mg.  per  kilo 
of  benzeneazo-/3-naphthylamine  fed  daily  with  their  food  for 
4}  months  and  about  twice  these  amounts  of  tolueneazo-^- 
naphthylamine  administered  in  the  same  way  for  6}  months 
faUed  to  show  any  poisonous  action.  Benzeneazoresorcinol  (Table 
IV)  given  subcutaneously  in  amounts  of  0.5  to  1.0  gm.  per  kilo 
likewise  failed  to  induce  any  visible  effect.  A  large  number  of 
experiments  by  intravenous  injection  were  also  made  with  this 
dye.  100  to  160  mg.  per  kilo  dissolved  in  1  per  cent  NaOH 
failed  to  produce  any  83inptoms.  When  administered  in  the 
form  of  an  emulsion,  100  mg.  per  kilo  proved  to  be  fatal  to 
one  rabbit  in  4J  hours  and  to  another  in  18  hours.  Two 
other  rabbits  which  received  86  and  94  mg.  per  kilo  survived. 
The  administration  of  larger  doses  could  not  be  carried  out  satis- 
factorily on  account  of  the  lack  of  a  suitable  solvent.  Of  the 
other  members  of  the  group  (Table  VI),  benzeneazo-/3-naphthol, 
is  perhaps  more  toxic,  as  rabbits  that  received  0.64  to  0.55  gm. 
per  kilo  subcutaneously  died  in  2  to  18  days,  loss  of  appetite 
being  the  only  symptom  noticed.  That  this  dye  was  toxic 
was  claimed  also  by  Weyl  (10),  who  fed  it  to  a  dog.  The  dura- 
tion of  life  of  rabbits  that  received  1.7  gm.  per  kilo  of  benzene- 
a2obenzeneazo-/3-naphthol  (Table  III)  subcutaneously  and  in- 
traperitoneally was  1  to  3  weeks,  which  makes  it  extremely 
doubtful  whether  death  was  due  to  the  dye.  Mendel  and  Daniels 
(9)  state  that  large  doses  fed  to  cats  were  harmless  provided 
the  dye  was  pm^.  Benzeneazobenzeneazo-iS-naphthol  is  there- 
fore also  much  less  active  than  benzeneazo-/3-naphthylamine  or 
ihe  toluene  compound.    After  0.7  and  0.77  gm.  of  benzeneazo- 
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phenol,  loss  of  appetite  was  the  only  symptom  observed.  With 
the  exception  of  one  case  (see  asterisks,  Table  V)  the  rabbits 
survived.  Its  activity  is  therefore  less  than  that  of  benzene- 
azo-jS-naphthol.  Benzeneazodimethylaniline  dissolved  in  oil  and 
given  subcutaneously  in  doses  of  0.53  to  0.6  gm.  per  kilo 
likewise  failed  to  produce  any  symptoms  except  loss  of  appe- 
tite, which  was  observed  in  one  rabbit.  According  to  Weyl 
(10)  this  dye  is  not  toxic  to  rabbits  but  Chlopin's  (20)  experi- 
ments on  dogs  which  received  0.3  to  0.5  gm.  per  kilo  by  mouth, 
show  that  the  dye  may  cause  vomiting,  diarrhea,  and  renal  irri- 
tation. When  such  doses  were  repeated  by  him  in  4  to  9  days 
he  noticed  severe  symptoms  of  renal  irritation  and  death. 

Although  the  data  on  toxicity  reported  in  the  present  investi- 
gation are  of  a  preliminary  character  and  are  therefore  inade- 
quate, they  nevertheless  indicate  important  differences  in  the 
behavior  of  some  of  the  dyes.  As  is  shown  in  experiments  with 
benzeneazobenzeneazoiS-naphthol,  the  toxicity  of  the  naphthalene 
series  may  be  decreased  by  the  presence  of  another  azo  group, 
but  even  these  compounds  are  more  toxic  than  the  phenol  and 
resorcinol  dyes.  It  may  be  remarked  in  this  connection  that  Weyl 
(10),  experimenting  with  a  number  of  diazo  colors,  pronounced 
them  non-poisonous. 

SUMMARY. 

1.  Oil-soluble  and  water-insoluble  dyes  administered  to  dif- 
ferent animals  were  eliminated  in  the  urine  and  in  the  bile. 

2.  Elimination  in  the  urine  was  usually  inhibited  in  poison- 
ing with  zinc  or  oil  of  chenopodium. 

3.  Two  of  the  compounds  of  benzeneazophenol  and  benzene- 
azoresorcinol,  which  were  isolated  from  the  urine  of  rabbits, 
proved  to  be  conjugated  with  glucuronic  acid. 

4.  Most  of  the  dyes  were  deposited  in  the  adipose  tissues; 
staining  of  the  nervous  tissue,  the  kidney,  and  muscle  was  also 
observed  in  some  experiments. 

5.  10  to  15  hours  after  intravenous  injection  of  25  mg.  per  kilo 
of  benzcneazoresorcinol,  the  dye  was  still  present  in  the  blood. 

6.  The  toxicity  of  the  different  dyes  was  not  pronounced  even 
when  larger  doses  were  administered. 


Wm.  Salant  and  R.  Bengis  419 


III 

.9      S 


No  autopsy. 
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Pat  stained.  Liver  trikble.  Heart  injected.  Much 
fluid  in  peritoneal  cavity.    Bilo  duct  highly  stained. 

Bile  from  bladder  did  n&t  dye  wool.  Dye  iinabsorbed. 
Tissue,  fat,  brain,  nerves,  and  muscle  stained.  Cab 
was  fasted  previously  for  6  days.  Loss  of  weight 
22  per  cent. 

Cat  was  ted  previously.  Loss  ot  appetite  after  in- 
jection. Tissue,  fat,  and  nerves  stained.  Liver 
and  kidney  nonnal.  Spinal  cord  and  medulla  white. 
Stomach  contents  not  colored,  [ntcstinal  contentB 
slightly  colored.    Brain  not  stained. 

Dyo  uuabsorbed.  Tissue  slightly  stained.  Brain 
very  slightly  stained.  Nerves  and  muscles  not 
stained. 

II 

t    li      '        1 

11 

^  5!;!          2                      f;                  S 

1 

II 

a.  :            ;        :                :                     X 

a 

In  oil. 

Suspended  in 

gelatin. 

Suspended  in 

starch. 

In  oil. 

i 

1 

£--           S       °               -                    ° 

i 

■»9 

o>  »            o>       o                 o.                     "b 

f 

1,176 
1.616 

1.260 

1,016 
(Cat.) 

1.570 
(Cat.) 

1,050 

420 


Coal  Tar  Colors.    I 


I 

9 


a 

M 


00 


-"  s, 

•2  2 

^  OB 

<  ft 

a 

^  5) 


«  ^  2  5. 
5'  ^«   o   * 


!o 


C« 


& 


CO 


S   r^ 


00  .2  r^ 


ii 


X 


ft. 


0)     08 


o 
a 


T3 


I 


6     ?N 


a 


s 


•»g 


o*- 


•b  "b 


o»- 


o*- 


o»- 


•a 
g 
•s 


iS 


g2 


^ 

X 


o 


=    3 


ii 


i« 

ays. 
htly 
ned 

nab- 
out, 
not 

11 

ii 

for  6  d 
sue  slig 
ning  sta 

Dye  u 

do  and 

muscle 

■11  1 

11  ^ 

jl' 

.5  5 

oualy 
1.     Ti 
neall 

tito. 
le.  fat 
d  ins 

and 

If  t 

s  . 

III  mt 

.z 

1^ 

^ 

imination  in  bile,  dark  reil 
tula.    Tissue  and  fat  stain 

muscle  slightly  stained. 
o  autopsy. 

o  appetite.     Cat  was  fasted 
13  per  cent  loss.     Dye  unab 
stained.     Kidney  normal.     P 
Inside  anil  out. 
at  was  fad  previously.     No 
Borbed.     Brain  not  stained, 
stained.     Peritoneal  lining  s 
ye    unabaorbed.     Tissue,    ne 
stained. 

uration  of  elimination,  1(1  day 
1.0    gin.     Dye    unabaorbed. 
Kidney  slightly  eongestod. 
o  appetite.    Dye  unabaorbet 

III 

z 

TS 

i 

l< 

|.            ,. 

Sr               a.           « 

Ui^ 

r 

7sa  = 

11 

^ 

5  g          22 

53              Sg      S3 

b 

1 

ll 

a,          i   = 

.     . 

1^  g 

a 

c 

c: 

^ 

t 

^t  . 

-g 

1 

^ 

In  oil. 

Suspen 

Suspen 
stare 

In  oil. 

=  m 

i 

i 

I  w           o« 

gg           == 

&    '          cc 

o 

—                 o             -. 

a            — 

- 

-i 

•ng 

0.           -bo. 

■b                 o            c 

o.            -b 

0- 

1 

i  i       §§ 

860 

at.) 

250 

at.) 

070 

s      s 

i 

"           —  — 

-o           «g      - 

—          — 

422 


Coal  Tar  Colors.    I 


O 

d 
2  "S 

T3 


8 


d  "* 

d 
©   :3 

-  s 

^  a 
^  2 

08 

.   d 
2  S 

M 

d  '^ 

o 


5.S 
§.^ 

T    -M 

S  CI. 

§     00 

^    O 


3 


•s 


a 

u 
a> 


■§■§ 

II 


QQ 


"8 

d 

*  .s     s  -^  « 

1     "S 

®  3               c' 

«        d 

fr«    00         ^    o  <X> 

n  not 
^  stai 

ile,  la 
not 

Q  in 
tion 
reted 

■s   -a 

in  b 
rain 

begai 
9ecre 
,  sec 

T3          — 

..  m              d 

1 

Tissue  an 
Tissue  s 

No   dye 
tomach. 

n  in  bile 
ery   slow 
re  injectio 

nabsorbed. 

ongested. 

unabsorbed. 

ored. 
or  s 

9 

natio 
h,    V 
Befoi 

'?  8  d  ,^^ 

a  « 

*^  -^  P   ^  "  »o 

ime  dye 
Kidney 
ime  dye 

le  dark 
small   in 
Kidney  c 
le  fistuli 
Colored 
4  cc.  in 
Ihr. 

£      £ 

•8 

£ 

d 

U3 

mtio 
life. 

Ik-    8 

2         8 

1 

•  • 

• 

Elimin*- 
tion  after 

Faint, 
22 

70  min. 

ka 

• 

tio 

Q^          GO 

5             > 

^d 

•mm 

B 

•3 

• 

• 

• 

9 
••• 

Suspended 
gelatin. 

In  oil. 
Emulsified. 

i 

• 

8 

1  ^    ^ 

l^               o 

•                                               • 

a< 

^         ^ 

^           o 

B 

•xog 

O          O 

■b            o 

• 

.A 

t2          g 

:? 

<*    ?t         ^^ 

^ 

1-H                  ^H 

^H                              ^N 

d 


.2 

08 

d 

p 
d 

P 


Wm.  Salant  and  R.  Bengis 


423 


© 


-S 

jS 

OS 


o 

30 

£ 

39 

19 

-•A 

15 

©      ^ 

©      **• 

•S    ^ 


eft     3 

^    d    "^ 
^  ti    "J 

3     ^ 

00 


I 


^  8 

^^     CO 

08 

o  <d 

s  © 

i  c 

^     00 

s  i 

V  2 
^  © 


5    ^ 

*M 

d 


ijected 
e    and 

r  mus- 

Urine 

Tissue 
*mal. 
ormed. 
de  and 

tained. 
ion. 

ection. 

Urine 

.   after 

per  kg.  ii 
i.     Tissu 

n  of  lumbal 

fat  stained, 
ained. 
injection, 
nd  urine  noi 
mal    chlorof 
stained  insi 

1  • 

slightly  s 
observat 

%rded. 
after  inj 

stained. 

d  01   hrs 

© 

-*»     ©      ©     DO    -**     2 

o8  -S  ,00    b    ^  .S 

5 

31  m 
orofor 

eratio 

e  and 
notst 
after 
Bile  a 
.    Ani 
emur 
tained 

eand 
accuri 
n.    D 
edlOl 
)  and 
n   sta 

& 

ed  doses, 
nimal    chl 

tty  degen 
t  stained, 
ed.    Tissu 
1.    Nerves 
sy  9  days 
stained. 
1    15    min 
tained.    F 
row  not  s 

ed.    Tissu 
obscured 
re  injectio 
$rum  stain< 
'n.    Tissue 
lal.    Senu 

• 

m  in  divide 
dose.     A 

tained.    Fa 
Nerves  no 
chloroform 
dder  norma 
ed.    Autop 
at  slightly 
ejections    ii 
B  and  fat  s 
Bone  man 

"8 

chloroform) 
.  in  urine 
7  days  befo 
1  tained.    Sc 
it  red-brow 
adder  nom 
ion. 

.2    08 

00         — *    08  "D  *»-  .5    3 

TS 

-*  -o        «   h«— «  -e 

•4^ 
© 

'd   * 

«2  ©  2  .S  .2  08  g  H  o 

© 
00 

nima 
Bloo 
Etsted 
issue 
ile  li] 
in   b 
injec 

mm 

-tj       P       H 

s 

<       &i  H  CQ 

• 

^           £2 

•T3                 JS 

m 

• 

3 

U3 

5                          2 

e 

aa 

§ 

p 

tion. 

1  s 

u 

»0           CO 

H 

II                   II 

Elimi- 
nation 
after: 

S    o 

»c  o  o       a 

»o 

t2      S 

• 

• 

S 

CO 

o 

•9 

.q 

00 

^«     ^      cQ         ^* 

^        ^ 

^«                   ^        %•        ^« 

.9 

2^ 

"3 

^    ^    'Z       " 

^#            ^# 

*•                          <a            w           «• 

6 

a 

» 

d 
1-^ 

• 

35 

§gs    s 

s  s 

OQ           CO   |5   »Q 

o       o  ©  o 

•                               •               •              • 

fi 

i  ^ 

O   O  -H          ^ 

■               •               •                               ■ 

■               • 

£ 

o 

o  o  o       o 

o  o 

o       o  o  o 

• 

1 

•MS 

o 

o*-       o^       o*- 

o^  o 

•b       "b  c>  o^ 

e  § 

SS     §     8 

o  o 

S       SSS 

-< 

•? 

^     « 

r>^      «o       iN^ 

s  s 

i^      "^^^  ^ 

^ 

• 

^       ^       ^ 

fh"  ^-« 

^H                 ^1.^     ^N     ^H 

3 
O 

I 

u 

Id 


d 

© 

u 
O 

00 

s 

o 

N 

08 

S 

s 

a 

£ 


I 


•c 


© 

d 


o 

a 

© 


s 


£ 

a 

3 
0 

5 

O 


424 


Coal  Tar  Colors.    I 


ja 
a 
a 

& 


O 

a 

■s 

Q 


'a 


®     H 

fl  B 
•c  •— 

.S  o 


08 
OQ     S 

d 

8  g. 

>    08 


-O.S 


J3 
»4 


s^i 


T3 
O 

00 

§ 

Q 
3  '^ 

o  nfl 
d 

jd  ^ 
jd  TJ 

-*»    0 

■$  - 


a 


J3 
08 


o8    O    o    s. 


OS 


00 

08 

T3 


00 


CO 


as** 

H 


■H 


ss 


00 


c^ 


•mm  ss 

I'-S-a 


u  CO 


C^J  t>.  t>. 


»^  f-l 


M 


o 

S3 

^2; 


T3 
(A 


o 


0^ 


o 


»o 


t^  »o  o  S 

d  b  ^'  o 


•  • 

o  o 


•xas 


^ 


o 


o*- 


"b  o  o*-  o*- 


'o  o 


OS 

& 

c 


"S 
3c 


c^ 


c^ 


o  o  50  o 

Q    O   t^    1-1 

c6  a  <5  a 

•k       •«       «^       «^ 

f-H  1-^  t^  e^ 


s 


^  w 


Wm.  Salant  and  R.  Bengis 


425 


OB 

a 
s 

I 

o 
55 


3 

08 


o 

OB 

s 

08 

IS 

08 

u 

u 

o 


o 


08 

S  o 

- 

-5  2 
^  o 

ft.  s. 

S    08 


> 

n 

< 


:^ 

o 

OB 
OB 

o 

^d 

oq 

•*d 

>< 

5 

•s 

«) 

> 

1 

00 

s. 

o 

>^ 

« 

^ 

ja 


2L  ^ 
15  * 

a  ^ 
S  ® 

o 
08  a 

OS    •** 

Jd3 

> 


i 


o 

08 

a 
I 


43^ 


d 

«> 
>> 

o 
d 

•s 

d 
*S 

d 
o 
o     • 


& 


o — 

d  T3 


d  b 

>  00 
*3)    . 

CO     Q 

>»  a  d 

08    O  "* 

"8  J!  3 

o 


11 

.S    o 

«>  fl 

.s  s 

sl 

if 

•Sa 

H-1 


»o 


CO  »s. 


1 


s 

•s 

Q 


o 

d 


& 


I 


o 


o 


9 


-a 


I 


o  o 


if 


S3 


d 
S 


d 
«> 

M 

a 

o 

N 

08 
9 

d 

s 

d 

£ 


5 

a 
o 

J 
a 

K 

d 

I 

a 

9 

5 

J3 
08 

»« 

O 

£ 

§  00 

S  & 

O    08 


426 


Coal  Tar  Colors.    I 


U     Q. 

1 

© 

1 

•*» 

•4^ 

• 

®  » 

The  inje 
only  sym] 

■ 

a 

*© 

•     ^ 

T3 

3 

00 
00 

• 

a 

o 
© 
d 

d 
o 

08 

d 

08 
© 

08 

T3 

d 

08 
© 

© 
a 
a 

3 

00 

.2 

•2 

©  -** 

•^  it 
© 

di2 

O    08 

00   <*a 

CD 

© 

O 

00 

'■2 

a 

o 

• 

.2 

12 

3 

1 

• 

s 

J3 

2 

o 

o 

d 
o 

• 

© 

5    ® 

2  « 
©  d 

"S  s 

d 

03 

00 

d 

d 

d 

•t3 

S  » 

^^ 

-«J 

• 

T3 

• 

T3 

•v« 

o 

2 

•o 

^  s 

T3    -. 

c 

4-> 

•4^ 

© 

© 

•«•» 

■♦i 

© 

««M 

all  males  except 
1.    Loss  of  appetite 

© 

O 

d 

• 

a 

o 
a 
o 
d 
© 

© 

o 

5 

o 
d 

• 

© 
© 

a 

© 

d 

*3 
•«^ 

00 

• 

© 

d 

08 

00 

•«^ 

08 

Cm 

• 

© 

d 

d 
© 

09 
© 

a 

© 

P 

• 

d 
o 

© 

o 

QO 

■i 

d 

3 

© 
© 

i 

J3 

o 

00 

08 

d 

3 
© 

© 

o 

d 
© 

s 

kl 

a 

© 

• 

'S 

© 

© 
© 

00 

•«^ 
3 

•*« 

d 

© 

© 

QQ 

• 

d 
.2 

© 
© 

*d 

kl 

© 

08 

o 
d 

3 

o 

li 
6 

00 

•s 

« -J 

kl 

©     cj 

4A    o 

•  ■   -     •mm 

r    00 

© 

S 

• 

00 

3 

O 

•  v4 

© 

OD 

QQ 

IB 

d 
o 

1 
d 

kl 

© 

o8 

d 

.  © 

c  *d 
© 

a  d 

Q  rabbits  were  use 
,h  it  was  intraveno 

00 

1 

© 

,d 

o 

QQ 
00 

© 

JS 

© 

© 
d 

© 

o 
© 

© 

d 

00 

© 

QO 

3 

B 
d 

d 

08 

© 
> 

»m4 

•s 

a 

03 

00 

d 
•  v« 

© 

08 

00 

T3 

• 

d 
o 

d 
© 

• 

d 
o 

© 
© 

is 

© 

*•• 

•*» 

o 
a 

00 

© 

d 

d 

.s 

• 

d 
S 

CD 

^^ 

■•» 

d 
© 

08 
•«» 

d 
o 
© 

JS 
60 

d 

5  S 

d 

.08 

© 

08 

00 

© 

> 

O 

d 

• 

J2 

CO 

© 

08 
B 

a 
© 

kl 

a 
© 

• 

d 

B 

© 

o 

08  ^ 
©    C 

1    ^ 

08    0 
T3    H 

^  o 

>> 

T3 

9m 
© 

d 

© 

3 

00 
00 

•  V4 

d 

00 

08 

00 

CD 

• 

1 

© 

»i4 

»o 

1 

08 

d 
o 

O 

• 

d 

© 

H 

a 
© 

03 

T3 

• 

T3 

• 

■ 

08 

J8 

© 

2 

•^  s 

ree  cases,  i; 

d 

00 

08 

d 
o 

d 

o 

08 

d 

T3 
© 

d 

08 

00 

• 

OQ 
© 

ki 

a 

© 

Q 

© 

© 

3, 

§  2 

ki      00 

atd 
©  © 

08    " 

to 

■s 

3 

■8 

d 

s 

00 

3  5 

5  cd 

00 

© 

^d 

P 

5-2 
«.| 

©  *d 

25 

08 

'S 

• 

napht 
elast 

d 

03 

T3 

^ 
*• 

00 

08 

^ 
^ 

>• 
^ 

• 
00 

kl 

,d 

cA  -^ 

© 

HW 

«4N 

«4     Z3 

««-i 

Q 

O 

9^ 

» 

00 

CO 

t>. 

O? 

"^ 

o» 

^14 

o 

9^ 

»^ 

•^ 

^ 

fH 

Ci 

0  £ 

d 

, , 

^^ 

o 

il 

v>    08 

** 

,^0 

:i"2 

p    r^ 

t^ 

«-H 

t>. 

t^ 

^-4 

fH 

Ml^ 

^^ 

St    d 

e3 

^   <^» 

^H 

^H 

^H 

C^l 

M 

© 

J3 

a-s 

:S  § 

-•    o8 

H 

• 

•5 

1  ^ 

C5 

3 

»o 

»o 

§ 

gj 

2 

S3 

• 

•^1 

iO 

iO 

»o 

o 

*o 

• 

^ 

• 

?t    o 

T3 

a 

O 

d 

d 

d 

d 

d 

d 

o 

O 

o 

§  ^ 

ff    d 

© 

> 

© 

GO 

o 

ft.  ? 

i 

§ 

1 

o 

1 

1 

1 

i 

s 

Ck3    fl 
o 

S 

5 

®2 

-5  <a 

«-H 

^H 

Mt 

^H 

^N 

cf 

•-T 

Wm.  Salant  and  R.  Bengis  427 

BIBLIOGRAPHY. 

,  L.,  Arch.  ital.  bioL,  1896-97,  xxvi,  143. 

mann,  W.,  Arch.  ges.  Physiol. ,  1898,  Ixxii,  105. 

ki,  L.,  Am.  Akad.  Wissensch.  Krakau^  1905,  542. 

uer,  J.,  GnindzUge  ciner  Biologie  der  menschlichen  Placenta 

besonderer  Berucksichtigung  der  Fragen  der  fotalen  Emfihnmg, 

ina,   1905. 

!,  O.,  J.  Exp.  Zaol.,  1910,  viii,  163. 

S.  H.,  and  Gage,  S.  P.,  Science ^  1908,  xxviii,  494. 

Eind  Gage,  Anat.  Rec.^  1908,  iii,  203. 

G.,  Physiological  Histology,  Oxford,  1902,  306  and  307. 
tl,  L.  B.,  and  Daniels,  A.  L.,  /.  Biol.  Chem.f  1912,  xiii,  71. 
T.,  Die  Teerfarben,  Berlin,  1889. 
sdeberg,  O.,  Arch.  exp.  Path.  u.  Pharm.f  1878,  viii,  1. 
5let,  G.,  and  Gravellat,  H.,  Compt.  rend.  Soc.  biol.,  1907,  bdi,  96. 
I  and  Daudt,  paper  to  be  published. 

iialden,  E.,  Handb.  biochem.  Arbeitsmeihodenf  1910,  ii,  130. 
lan,  E.  L.,  Compt.  rend.  Soc.  biol.,  1916,  Ixxix,  339. 
,  W.,  and  Livingston,  A.  E.,  Am.  J.  Physiol.,  1915,  xxxviii,  67. 
,  M.,  Arch.  path.  Anat.,  u.  Physiol.,  1881,  Ixxxiii,  508. 
r.  J.,  and  Rowntree,  L.  G.,  /.  Pharm.  and  Exp,  Ther.,  1909-10, 
\1. 

P.  A.,  /.  Exp.  Med.,  1916,  xxiii,  669. 

n,  cited  after  Hesse,  B.  C,  U.  S.  Dept.  Agric,  Bureau  of  Chen^ 
f.  Bull.  Ii7,  1912. 


iSAL  or  BIOLOGICAL  CHEMISTRr,   VOL.   XXVII,   NO.  2 


AN  ELECTRICALLY  HEATED  VACUUM  DESICCATOR.* 

By  T.   BRAILSFORD  ROBERTSON  and  CARL  L.   A.   SCHMIDT. 

(From  the  Department  of  Biochemistry  and  Pharmacology,  Rudolph  Spreckels 

Physiological  Laboratory,    University  of  California,   and  the   Hearst 

Laboratory   of   Pathology   and   Bacteriology,    University    of 

California,  Berkeley.) 

(Received  for  publication,  September  27,  1916.) 

In  preparing  certain  biochemical  products  it  is  frequently 
desirable  to  employ  a  desiccator  of  large  capacity,  capable  of 
evacuation  and  of  being  heated  and  maintained  at  a  predeter- 
mined temperature.  The  various  forms  of  apparatus  available 
on  the  market  are  either  of  very  small  capacity  or  else  expensive 
and  deficient  in  the  range  and  adjustability  of  the  temperatures 
employed.  We  accordingly  have  had  constructed  for  our  use 
the  apparatus  described  below,  which  is  of  large  capacity,  readily 
accommodating  a  filter  funnel  9  inches  in  diameter  containing  a 
50  cm.  filter  paper.  It  maintains  a  vacuum  for  several  hours  and 
may  be  held  with  considerable  precision  at  any  desired  tempera- 
ture within  a  wide  range.  If  desired,  a  vessel  containing  sul- 
furic acid  or  other  desiccating  reagent  may  be  placed  on  the 
floor  of  the  apparatus  and  false  bottoms  or  shelves  may  be  fixed 
at  any  desired  height  above  the  reagent.  With  the  aid  of  this 
apparatus,  employing  certain  obvious  precautions,  tethelin  sus- 
pended in  alcohol-ether  mixture  may  be  completely  dried  with- 
out discoloration  at  36®C.  within  6  hours,  yet  this  substance  is 
so  exceedingly  hygroscopic  that  a  few  minutes'  exposure  to  the 
air  of  the  room  sufl&ces  to  convert  it  into  a  deeply  colored,  sticky 
mass.^ 

The  apparatus  consists  of  a  double  walled  circular  copper 
(^  inch  sheet  copper)  chamber,  well  insulated  by  asbestos  and  set 
in  a  monel  metal  shell.    This  chamber  can  be  closed  at  the  top 

•  Aided  in  part  by  a  grant  from  the  George  Williams  Hooper  Founda- 
tion for  Medical  Research. 

>  Robertson,  T.  B.,  J.  Biol.  Chem.,  1916,  xxiv,  409. 
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Fig.  1.     An  electrically  heated  vacuum  desiccator.     Scale  J. 
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by  a  tight  fitting  cast  aluminum  lid  which  can  be  screwed  down 
by  means  of  three  screws  (S).  A  rubber  gasket  in  the  notched 
space  (N)  makes  the  compartment  air-tight.  The  chamber  is 
evacuated  by  attaching  a  vacuiun  pump  to  the  cock  (C)  and  the 
vacuimi  so  obtained  can  readily  be  maintained  for  some  time 
after  the  cock  is  closed.  The  desired  temperature  in  the  evac- 
uated chamber  is  maintained  by  the  heated  vapor  of  dichloro- 
nethane  (boiling  point  40°C.)  which  fills  the  space  between  the 
l;wo  copper  walls,  heat  being  furnished  by  eight  25  watt  nichrome 
beating  elements,  connected  in  parallel  and  placed  around  the 
pocket  (L).  Each  heating  element  is  in  turn  connected  to  a 
jmall  platiniun-tipped  brass  spring  (B)  which  makes  contact 
mth  a  platinum  point  set  on  the  ring  (A).  In  this  way  one  or 
nore  of  the  heating  elements  'can  be  used  as  needed. 

Temperature  control  is  maintained  by  means  of  the  sprung 
5opper  disc  (D).  When  heat  is  applied  to  the  liquid  dichloro- 
nethane  in  (L),  vapor  is  formed  which  will  exert  a  pressure  on 
ihe  copper  disc  (D),  tending  to  force  it  downward.  This  disc 
n  turn  presses  against  the  pin  (P)  which  when  forced  down- 
ward will  cause  the  contact  between  (A)  and  (B)  to  be  broken. 
;n  this  way  any  or  all  of  the  heating  elements  (H)  are  switched 
n  or  off  as  needed  to  maintain  a  constant  vapor  pressure  and 
emperature  in  the  double  walled  space  surrounding  the  cham- 
)er.  By  shifting  the  weight  (W),  tension  on  the  disc  (D)  may 
>e  increased  or  decreased  and  the  temperature  in  the  chamber 
varied  (within  a  certain  range)  at  will.  By  selecting  liquids 
laving  a  boiling  point  higher  than  that  of  dichloromethane  the 
emperature  range  may  also  be  varied.  Heating  of  the  cham- 
ber by  means  of  the  vapor  of  a  volatile  liquid  assures  a  uniform 
listribution  of  heat. 

On  using  the  apparatus  for  the  first  time  the  needle  valve  (V) 
s  opened  to  allow  air  to  escape  and  closed  again  when  dichloro- 
lethane  vapor  begins  to  escape.  This  assures  the  space  being 
lied  solely  with  dichloromethane  vapor.  To  fill  or  drain  the 
quid  in  (L)  a  drain  plug  (E)  is  provided.  To  insure  rigidity  and 
LghtnesSy  the  walls  are  thoroughly  braced  and  reinforced  and 
11  joints  are  silver-soldered. 

The  apparatus  was  constructed  by  Mr.  A.  J.  Kercher  of 
Berkeley  and  embodies  several  of  his  own  inventions. 


IHE  OXIDATION  OF  BRANCHED  CHAIN  FATTY  ACIDS. 

I.    THE  ACTION  OF  HYDROGEN  PEROXIDE  ON  THE 
HOMOLOGUES  OF  ISOBUTYRIC  ACID. 

By  p.  a.  LEVENE  and  C.  H.  ALLEN. 
(From  the  Laboratories  of  The  Rockefeller  Institute  for  Medical  Research.) 

(Received  for  publication,  September  25,  19 16.) 

It  is  noteworthy  that  while  the  majority  of  fatty  acids  occup- 
ing  in  nature  belong  to  the  normal  series,  those  composed  of  more 
ihan  twenty-two  carbon  atoms  contain  at  least  one  tertiary 
»rbon  atom  in  their  molecule.^  The  structure  of  these  acids  is 
jntircly  unknown.  The  problem  of  their  structure  naturally 
s  identical  with  that  of  the  location  of  the  tertiary  carbon  atom 
n  the  molecule.  There  exist  two  methods  by  means  of  which 
;he  solution  of  the  latter  problem  may  be  reached.  One  con- 
lists  in  the  gradual  transformation  of  a  fatty  acid  into  its 
ower  homologue  passing  through  the  following  phases: 

RCHjCOOH  -♦  RCHBrCOOH  -♦  RCHOHCOOH  -♦  RCOOH' 

By  continuing  these  operations  on  the  lower  homologues  one  may 
inally  reach  an  acid  of  known  structure,  or  one  the  structure  of 
nrhich  can  be  made  known  by  synthesis.  This  method  has  the 
id  vantage  of  generality  and  reliability;  however,  it  has  the  disad- 
irantage  of  requiring  large  quantities  of  material  and  much  time 
"or  execution. 

The  second  possible  method  is  to  be  based  on  the  properties 
)f  the  tertiary  carbon  atom.  In  aliphatic  hydrocarbons,  alcohols^ 
tcids,  etc.,  containing  a  tertiary  carbon  atom  (=  CH),  this  is 
bimd  to  be  most  susceptible  to  the  action  of  oxidizing  agents. 

However,  the  experience  gained  in  this  laboratory  on  lignocerio 
ind  cerebronic  acids  was  rather  disappointing.    Lignoccric  acid 

» See  Meyer,  V.,  and  Jacobson,  P.,  Lehrb.  organ.  Chem.,  Leipsic,  2nd 
idition,  1907,  i,  501. 

*  Levene,  P.  A.,  and  West,  C.  J.,  /.  Biol.  Chem.,  I9I4,  xvi,  475. 
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was  shown  by  Meyer,  Brod,  and  Soyka'  to  contain  a  tertiary 
carbon  atom.  Levene  and  West^  have  substantiated  this  con- 
clusion and  have  also  demonstrated  the  presence  of  a  tertiary 
carbon  atom  in  cerebronic  acid.  Yet  when  lignoceric  or  cere- 
bronic  acid  was  heated  for  a  considerable  period  of  tim^  in  a 
permanganate  solution  one  could  find  no  evidence  of  the  oxida- 
tion of  the  tertiary  carbon  atom. 

On  the  other  hand,  there  is  no  reason  to  doubt  that  undei 
favorable  conditions  this  oxidation  may  take  place.  The  prob 
lem  then,  as  it  presented  itself  at  this  phase,  was  to  establisl 


conditions   under   which   the   tertiary   carbon   atom   undergoes 
oxidation  readily.    The  undertaking  seemed  all  the  more  de- 
sirable since  the  conclusions  regarding  the  properties  of  the  meth- 
enyl  group  (s  CH)  of  the  earUer  writers  were  based  on  a 
limited  number  of  observations.     It  was  realized  that  the  charac 
ter  of  the  radicles  attached  to  the  tertiary  carbon  atom  may 
of  considerable  influence  on  its  stability.    In  the  series  of  aliphati< 
acids  the  distance  of  the  tertiary  carbon  atom  from  the  carboxy 
seemed  particularly  worthy  of  consideration.    In  view  of  this  i 
was  concluded  to  investigate  the  action  of  oxidizing  agents  o 
the   higher   homologues    of    dimethylacetic    (isobutyric)    acid 
(CHs)2CH .  COOH.    Unfortunately  only  the  lower  members  o 
this  series  had  been  prepared  by  previous  workers  and  our  tas 
fell  into  two  parts,  one  the  preparation  of  the  higher  homologues 
and  the  other  their  oxidation. 

Preparation  of  the  Acids, 

♦ 

The  preparation  of  the  acids  was  based  on  the  following  se 
of  reactions: 

RCHsOH-^  RCH,I-*  RCHjCH  .  (COOCH*),-*  RCH(COOH),-> 
RCHjCOOH  -^  RCHjCOOCH,  -♦  RCH,CH,OH 

The  set  of  reactions  was  then  •continued  progressively  to  builc 

MP  the  higher  homologues. 

:   2-Methylpropyl  alcohol  (isobutyl  alcohol)  (CH3)2CH  .  CH,OF 

« Meyer,  H.,  Brod,  L.,  and  Soyka,  W.,  Monalsh.   Chem.,  1913,  xxxi 
1113. 

*  Levene  and  West,  /.  Biol.  Chem.,  1914,  xviii,  477. 
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and  its  next  higher  homologue,  3-methylbutyl  alcohol  (isoamyl 
alcohol)  (CH3)sCHCH2 .  CHsOH,  served  as  the  starting  material. 

The  first  substance  was  obtained  from  Kahlbaum  and  from 
the  Du  Pont  Chemical  Works,  and  purified  by  fractional  dis- 
tillation. The  second  was  prepared  from  the  so  called  "amyl 
alcohol/'  following  the  procedure  first  suggested  by  Pasteur  and 
later  perfected  by  Marckwald.*  The  directions  of  the  latter 
investigation  were  followed  rather  in  principle  than  in  detail. 
After  "some  experience  in  handling  the  large  volumes  of  liquids 
ttie  yield  was  very  satisfactory. 

The  iodides  were  prepared  by  distilling  the  alcohols  with  hydri- 
odic  acid.  The  procedure  was  essentially  the  same  as  reconmiended 
by  Norris.*  Only  such  slight  modifications  were  introduced  as 
suggested  themselves  by  the  larger  quantities  of  material  employed 
in  course  of  this  work.  The  details  are  given  in  the  experimental 
part.  The  yields  were  never  less  satisfactory  than  those  obtained 
by  Norris,  and  were  at  times  considerably  better. 

Reduction  of  the  Esters  to  Alcohols. — For  the  reduction  of  esters 
into  the  corresponding  alcohols  the  process  of  Bouveault  and 
Blanc^  has  been  essentially  improved.  In  the  original  process 
an  alcohohc  solution  of  the  ester  is  slowly  added  from  a  dropping 
funnel  to  six  atoms  of  sodium  divided  in  large  pieces.  The  pro- 
cedure was  rather  awkward  and  the  efficiency  of  the  sodium 
minimak  In  the  present  work  the  sodium  was  suspended  in 
toluene.  The  flask  was  provided  with  a  mechanical  stirrer. 
By  heating  the  mixture  in  a  metal  bath  with  continuous  stirring 
the  sodium  was  reduced  to  small  globules.  When  this  stage  was 
reached,  alcohol  and  then  the  ester  in  alcoholic  solution  were 
allowed  to  flow  from  a  dropping  funnel  into  the  emulsion  of  sodium 
and  toluene.  By  continuous  stirring  the  contact  surface  between 
sodium  and  ester  was  maintained  at  its  maximum.  The  time  of 
reaction  is  reduced  from  6  hours  by  the  original  method  to  1  hour 
by  the  modified  method.  The  apparatus  and  the  details  of  the 
procedure  are  described  in  the  experimental  part. 

All  the  other  steps  in  the  preparation  of  the  acids  were  those  of 

*Marckwald,  W.,  Ber.  chem.  Ge«.,  1901,  xxxiv,  479;  1932,  xxxv,  1595. 
•  Norris,  J.  F.,  Am.  Chem,  /.,  1907,  xxxviii,  627.    Norria,  J.  F...   Watt. 
M.,  and  Thomas,  R.,  /.  Am.  Chem.  Soc^  1916,  xxxviii,  1071. 

^  Bouveault,  L.,  and  Blanc,  G.,  Bull.  Soc.  chim.^  1904,  xxxi,  666. 
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the  malonic  ester  synthesis,  and  were  carried  out  in  the  conven- 
tional way. 

Id  the  course  of  this  work  the  acids,  esters,  alcohols,  iodides, 
and  substituted  malonic  acids  of  eight  homologues  of  isopropane 
were  prepared.  The  isobutyl  and  isoamyl  derivatives  had  for 
their  starting  materials  the  corresponding  alcohols.  The  normal 
changes  in  physical  properties  with  an  increase  in  the  number  of  car- 
bon atoms  in  the  chain  were  noted.  The  specific  gravities  of  the 
alcohols  increased  progressively.  The  solubility  in  water  of  Ihe  di- 
basic acids  decreased  and  their  solubility  in  petroleum  ether  in- 
creased with  an  increase  in  the  hydrocarbon  part  of  the  molecule. 
The  melting  points  of  the  dibasic  acids,  the  phenylurethanes  of  the 
alcohols,  and  the  amides  of  the  monobasic  acids  showed  the  custom- 
ary irregularity.  Table  I  shows  the  record  of  the  constants  of 
the  new  acids  and  of  the  intermediate  products  in  the  prepara- 
tion of  the  acids. 

TABLE  I. 
Physteat  ConslanU  of  Compound*  with  Out  Radide  (CHi)iCH{GHi)x.* 
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'All  data  taken  with  staadard  thermometer  and  corrected, 
tn  -  (CH,),CH(CH,)x. 

J  Tuken  from  the  literature  and  in  every  pase  where  the  compound  w 
prepared,  verified  by  this  work. 
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Oxidations. 

In  selecting  the  oxidizing  agent  there  was  a  choice  of  nitric 
acid,  chromic  acid,  permanganate,  or  hydrogen  peroxide.  Ever}' 
agent  has  advantages  and  disadvantages.  On  oxidation  with 
nitric  acid  the  reaction  is  complicated  by  the  formation  of  nitro 
derivatives.*  The  oxidation  with  potassium  permanganate  may, 
according  to  Przewakkj',*  give  rise  to  isomerization.  Chromic 
acid  also  has  some  disadvantages,  particularly  because  the  re- 
agent adheres  tenaciously  to  the  products  of  oxidation.  How- 
ever, it  is  planned  to  test  systematically  the  individual  pecuUari- 
ties  of  each  of  these  agents.  The  present  work  was  limited  to 
experiments  with  hydrogen  peroxide.  It  was  selected  because 
it  presents  the  greatest  convenience  in  manipulation. 

From  the  work  of  Dakin^*^  it  is  known  that  normal  fatty  acids 
undergo  the  so  called  ff  oxidation,  the  acid  giving  rise  to  a  ketone 
having  in  its  carbon  chain  one  atom  of  carbon  less  than  the 
original  acid: 

RCH,CH,COOH  -^  RCX)CH, 

To  a  smaller  degree  they  oxidize  in  the  a-position  with  the  for- 
mation of  the  next  lower  aldehyde: 

RCHiCOOH  ->  ECHO 

Regarding  the  action  of  hydrogen  peroxide  on  the  branched 
chain  fatty  acids  the  observations  are  limited  to  those  of  Dakin 
on  isobutyric  and  isovaleric,  and  to  those  of  Raper  on  isobutyric 
and  on  a-methylbutyric  acids.  In  isovaleric  acid  the  tertiary 
carbon  atom  happens  to  be  situated  in  the  /3-position,  which  ren- 
ders it  doubly  susceptible  to  the  action  of  hydrogen  peroxide. 
Raper,  ^^  reports  besides  the  usual  oxidation  of  the  tertiary  carbon 
atom,  also  a  peculiar  behavior  of  the  a-methyl  group.  The  present 
work  does  not  deal  with  acids  of  this  structure  and  hence  this 
new  type  of  oxidation  will  be  omitted  from  the  present  discus- 
sion.   However,   the  fact  that  the  predominating  product  of 

»  Bredt,  J.,  Ber.  chem.  Ges.,  1882,  xv,  2324. 

•  Przewalsky,  E.,  J.  prakt.  Chem.,  1913,  Ixxxviii,  405. 
^^  Dakin,  U.  D.,  Oxidations  and  Reductions  in  the  Animal  Body,  Lon- 
don. VM2. 
"  Raper,  H.  S.,  Biochem.  J.,  1914,  viii,  320. 
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oxidation  of  a-methylbutyric  acid  was  methylethyl  ketone  goes 
to  show  that  in  this  substance  the  tertiary  carbon  atom  is  the 
principal  locus  of  oxidation. 

In  course  of  the  present  investigation  the  higher  homologues 
of  isobutyric  acid  (including  9-methyldecylic  acid)  were  subjected 
to  the  action  of  hydrogen  peroxide. 

On  the  basis  of  facts  which  have  been  referred  to  in  this  discus- 
sion, the  following  products  of  oxidation  were  to  be  expected. 

CH,v 

>CH  (CHO  nCHiCHO 

/  ch/ 

)>ch  (ch,)  „ch,ch,cooh  ^ ►       )>ch  (ch,)  ncoch, 

ch/  \         ch/ 

CH 


\ 
CH, 


'Nco 


The  principal  aim  of  the  work  was  to  find  the  conditions  which, 
favor  the  third  reaction  above  the  other  two,  and  furthermore  to 
investigate  the  influence  on  this  reaction  of  the  distance  of  the 
tertiary  carbon  atom  from  the  carboxyl  group. 

It  was  found  that  the  reaction  proceeded  most  favorably  when, 
the  solution  of  the  organic  acid  was  slightly  acid  and  when  an. 
amount  of  peroxide  solution  equivalent  to  three  and  one-halF 
atoms  of  oxygen  was  employed  for  the  reaction.  Under  sucL 
conditions  all  of  the  three  reactions  outlined  above  took  place. 
However,  acetone  was  the  predominating  product  of  reaction. 
Acetone  was  identified  as  its  p-nitrophenylhydrazone,  which 
showed  the  correct  melting  point  and  composition. 

The  presence  of  the  higher  ketones  was  demonstrated  by  an 
indirect  method;  the  value  of  the  mixed  ketones  was  determined 
and  from  this  was  deducted  the  value  of  the  acetone  present  ia 
the  same  solution. 

The  aldehydes  resulting  from  the  oxidation  in  the  a-positioa 
were  identified  as  the  corresponding  acids. 

The  plan  of  the  analytical  work  was  essentially  the  same  as 
employed  by  Dakin  and  by  Raper,  and  is  given  in  detail  in  the 
experimental  part. 


p.  A.  Levene  and  C.  H.  Allen  439 

As  regards  the  yields  of  acetone,  there  was  noted  a  progressive 
'all  with  the  increase  of  the  distance  between  the  tertiary  carbon 
itom  and  the  carboxyl  group.  A  marked  exception  to  the  rule 
vas  observed  in  the  case  of  isobutyxic  and  isovaleric  acids.  Con- 
irary  to  the  general  rule  the  yield  of  acetone  was  greater  from  the 
ligher  homologue.  Undoubtedly  this  is  occasioned  by  two  factors. 
First,  in  isovaleric  acid  the  acetone  is  formed  by  two  types  of 
)xidation;  the  fi  oxidation,  and  the  oxidation  of  the  tertiary 
;arbon  atom  as  such;  on  the  other  hand,  in  isobutyric  acid  the 
}  oxidation  leads  to  demethylation  and  hence  proportionally  dimin- 
shes  the  mass  of  the  tertiary  carbon  atoms.  The  demethyla- 
ion  of  isobutyric  acid  was  demonstrated  by  Raper,  who  found 
propionic  aldehyde  among  the  products  of  oxidation  of  this  acid, 
[n  the  present  work  propionic  acid  was  found  directly  among 
ihe  products  of  oxidation. 

Incidentally  it  may  be  mentioned  that  all  attempts  to  isolate 
iicarboxylic  acids  from  the  non-volatile  part  of  the  oxidation 
)roduct  were  futile.  Furthermore,  the  acids  extracted  from  this 
raction  on  titration  gave  molecular  weight  values  correspond- 
ng  closely  to  the  original  acids.  Hence  it  seems  possible  that 
Jie  remainder  of  the  molecule  after  the  formation  of  acetone 
mdergoes  complete  oxidation  to  carbon  dioxide. 

EXPERIMENTAL   PART. 

S'MethylbiUyl  Alcohol  (Isoamyl  Alcohol), — Constant  boiling  amyl 
ilcohol  having  a  rotation  of  —0.75°,  indicating  12.7  per  cent  of  the 
U5tive  alcohol,  was  mixed  with  an  equal  weight  of  concentrated  sul- 
uric  acid.  The  temperature  during  the  mixing  was  kept  below 
K)°C.  The  next  day  water  and  ice  were  added  until  the  liquid  had 
)een  diluted  to  double  its  volume.  Solid  barium  hydroxide  was 
lien  added  with  mechanical  stirring  until  the  liquid  was  neutral  to 
Dongo  red.  During  this  process  also,  the  temperature  was  kept 
)elow  40°C.  The  precipitated  barium  sulfate  was  washed  by 
lecantation  until  all  of  the  barium  amyl  sulfate  had  been  re- 
noved.  The  wash  liquors  were  repeatedly  concentrated  under 
liriinished  pressure  and  allowed  to  crjTstallize  until  the  resulting 
aystals  showed  a  greater  rotation  than  +0.20°  in  10  per  cent  solu- 
ion  in  a  2  dm.  tube  at  room  temperature.     All  mother  liquors 
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and  crystals  having  a  rotation  greater  than  this  were  rejected. 
As  barium  amyl  sulfate  of  this  purity  makes  about  a  10  per  cent 
solution  in  water  at  room  temperature  the  rotation  of  the  mother 
liquors  and  of  the  crystals  under  the  conditions  stated  above  are 
comparable. 

About  25  per  cent  of  the  alcohol  was  recovered  from  the  dis- 
tillates of  the  wash  liquors.  The.  weight  of  the  crude  salt  was 
approximately  equal  to  the  weight  of  the  alcohol  originally  taken. 
The  first  yield  of  crystals  from  the  wash  liquors  had  a  rotation 
of  0.05  to  0.08°.  The  barium  amyl  sulfate  was  recrystallized 
either  from  two  and  a  half  times  its  weight  of  water  or  from 
mother  liquors  of  higher  purity  until  it  showed  no  rotation  in  10 
per  cent  solution  in  a  2  dm.  tube.  After  this  it  was  recrystallized 
once  from  water.  All  the  mother  liquors  not  used  for  recrystalliz- 
ing  were  concentrated  to  crystallization. 

The  inactive  salt  was  decomposed  in  hot  concentrated  solution 
with  a  moderate  excess  of  strong  sulfuric  acid.  The  precipitated 
barium  sulfate  was  washed  by  decantation  and  the  wash  liquors 
refluxed  for  3  hours  to  hydrolyze  the  isoamyl  sulfate.  A  layer 
of  alcohol  separated  out.  This  was  removed.  The  alcohol 
dissolved  in  the  aqueous  layer  was  recovered  by  distillation.  The 
alcohol  obtained  in  this  manner  contained  as  ihipurities,  sulfuric 
acid  and  isoamyl  sulfate.  For  purification  two-thirds  of  the 
original  volume  were  distilled  off  directly  and  the  remainder 
prior  to  distillation  was. freed  from  impuritiies  by  washing  with 
water. 

The  alcohol  obtained  in  this  way  had  a  rotation  of  0.04  to 
0.08°  in  a  1  dm.  tube  at  room  temperature.  The  yield  was  from 
10  to  15  per  cent.  4  kilos  of  inactive  alcohol  were  used  in  the 
com^e  of  the  following  work. 

3-Meihylbutyl  Phenylur ethane, — 2  gm.  of  inactive  alcohol  and  2.7 
gm.  of  phenylisocyanate  were  heated  under  a  reflux  for  a  few 
minutes.  The  liquid  solidified  on  cooling.  After  four  crj'^talli- 
zations  from  dilute  alcohol  the  melting  point  showed  no  further 
change.     Melting  point  56.6°C.  (corrected). 

0.2006  gm.  substance  neutralized  9.57  cc.  0.1  N  HCl  (Kjeldahl). 

Calculated  for 
CijH.-NO?:  Found: 

N 6.76  6.63 


\ 
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S-Methylbutyl  Iodide, — 50  gm.  lots  of  the  inactive  alcohol  were 
dowly  distilled  with  224  cc.  (three  equivalents)  of  constant  boil- 
ing hydriodic  acid.  The  distillation  was.  continued  until  the 
temperature  reached  127°C.  At  this  point  all  of  the  iodide  had 
distilled  over.  A  new  portion  of  the  alcohol  and  enough  acid  to 
make  up  the  original  volume  were  then  added  and  the  distillation 
was  continued.  The  iodide  was  separated  from  the  distillate, 
washed  with  water,  decolorized  with  sodium  thiosulfate,  dried 
over  sodium  sulfate,  and  distilled.  The  low  boiling  portions  were 
redistilled  with  hydriodic  acid.  The  yield  was  88  per  cent  of 
the  theory.    750  gm.  of  the  alcohol  gave  1,485  gm.  of  the  iodide. 

5'Meihylhexylic  Add. — 3-Methylbutyl  iodide  was  condensed  in 
the  customary  manner  with  malonic  ester  in  lots  of  50  to  100  gm. 
The  3-methylbutyhnalonic  ester  was  washed  with  water  and  then 
saponified  without  further  purification. 

For  saponification  the  wet  ester  was  vigorously  stirred  with 
twice  the  theoretical  amount  of  50  per  cent  sodimn  hydroxide. 
The  mass  soon  became  hot  and  then  solidified.  The  evaporation 
of  the  alcohol  and  water  kept  the  temperature  below  100°  and 
additional  cooling  was  not  required  even  when  lots  of  800  gm. 
were  saponified.  The  soap  was  extracted  twice  with  acetone, 
then  mixed  with  a  small  amount  of  water  and  acidified  with  con- 
centrated hj^drochloric  acid  with  cooling.  A  large  part  of  the 
3-methylbutyhnalonic  acid  separated  out  and  later  solidified.  The 
sodium  chloride  was  filtered  oflf  and  extracted  twice  with  ether, 
the  mother  liquors  were  extracted  twice  with  ether  in  a  separa- 
tory  funnel  and  then  for  4  hours  in  Thiele  continuous  extractors. 
From  the  latter  extract  about  10  per  cent  of  the  yield  was  ob- 
tained. For  later  preparations  the  acid  dissolved  in  the  mother 
liquors  was  recovered  more  conveniently  but  less  economically 
by  precipitating  it  from  ammoniacal  solution  as  the  calcium 
Bait.  The  ether  solution  of  the  acid  was  dried,  the  ether  removed, 
and  the  syrup  crystallized  over  sulfuric  acid  in  a  vacuum  desic- 
cator. The  crystals  were  washed  with  petroleum  ether.  The 
constants  found  for  this  acid  and  its  ethyl  ester  agreed  with  those 
reported  by  the  earlier  workers. ^^    The  acid  melts  without  decom- 

"  Paal,  C,  and  Hoffmann,  T.,  Ber.  chem.  Oes.,  1890,  xxiii,  1496.  Frank- 
land,  E.,  and  Duppa,  P.  F.,  Ann,  Chem.y  1866,  cxxxviii,  339.  Fournier,  H., 
Bull.  Soc,  chim.,  1909,  i,  925.  Nef,  J.  U.,  Ann.  Chem,,  1901,  cccxviii,  146. 
Grimshaw,  H.,  Ann,  Chem.,  1873,  clxvi,  168.  Wallach,  0.,  Ann.  Cfiem,, 
1915,  cdviii,  190. 
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position  at  93°C.  The  yield  was  83  per  cent  of  the  theory, 
calculated  on  the  basis  of  the  iodide.  1,300  gm.  of  3-methylbutyl 
iodide  gave  1,000  gm^  of  the  dibasic  acid.  The  acid  crystallizes 
readily  from  benzene.  It  dissolves  readily  in  water  and  is  almost 
insoluble  in  petroleum  ether. 

The  dibasic  acid  was  decomposed  in  100  gm.  lots  by  heating 
in  a  distilling  flask  at  170-180°  for  half  an  hour.  The  tempera- 
ture was  then  raised  and  the  5-methylhexylic  acid  distilled.  410 
gm.  of  crude  dibasic  acid  gave  263  gm.  of  the  acid.  The  yield  of 
5-methylhexylic  acid  on  the  basis  of  the  fraction  boiling  at  214- 
216**  (corrected)  was  85  per  cent  of  the  theory.  The  5-methyl- 
hexylic acid  was  neutralized  with  sodiiun  hydroxide  and  the 
solution  distilled  with  steam  to  free  the  soap  from  impurities. 
5-MethylhexyIic  acid  has  been  prepared  by  several  workers." 
There  is  a  lack  of  agreement  between  the  boiling  points  reported 
by  them,  the  variation  ranging  between  208  and  214-216°C.  The 
boiling  point  of  the  substance  described  in  this  report  was  216°C 
(corrected)  at  762  nmi.  pressure. 

0.1327  gm.  substance  gave  0.3130  gm.  COt  and  0.1301  gm.  H|0. 

Calculated  for 

C7Hi«Oi:  Found: 

C 64.57  64.32 

H :.       10.85  10.98 

Ethyl  5'Methylhexylate, — ^The  acid  was  esterified  by  refluxing  for 
3  hours  with  three  equivalents  of  absolute  alcohol  containing 
5  per  cent  of  sulfuric  acid.  The  high  boiling  fraction  was  re- 
esterified.  The  yield  was  95  per  cent  of  the  theory.  The  boil- 
ing point  given  by  Paal  and  Hoffmann^  is  177°C.  (uncorrected). 
Their  analytical  data  are  not  entirely  satisfactory.  The  boiling 
point  found  on  distilling  several  large  lots  was  182.7°C.  (corrected) 
at  750  mm.  pressure. 

0.0978  gm.  substance  gave  0.2440  gm.  CO,  and  0.0998  gm.  HiO. 


H 


Calculated  for 
CfHiiC: 

68.29 

Found: 
68.05 

11.48 

11.43 

5'Methylhexylic  Amide. — The  acid  chloride  was  prepared  b}' heat- 
ing 8  gin.  of  o-niethylhexylic  acid  with  7.3  gm.  of  thionyl  chlo- 
ride.    The  acid  chloride  was  then  poured  into  ice-cold  ammonium 
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hydroxide.  The  amide  was  filtered  off,  dissolved  in  ether,  and 
the  solution  filtered.  The  ether  was  removed  and  the  amide  cr3nsh 
tallized.  Benzene  was  found  an  unsatisfactory  solvent  as  eight 
crystallizations  from  this  solvent  were  necessary  for  purification. 
Melting  point  103.5-104.0''C.  (corrected). 

0.1013  gm.  substance  gave  0.2414  gm.  COt  and  0.1074  gm.  HtO. 

Calculated  for 
CtHiaNO:  Found: 

C 65.04  64.99 

H 11.71  11.87 

5'Meihylhexyl  Alcohol. — ^The  alcohol  was  prepared  by  reducing 
30  gm.  lots  of  5-mcthylhexylic  ester  with  sodium  and  alcohol  in  the 
following  manner.    The  reductions  are  carried  out  in  a  500  cc. 
wide-necked,   round-bottomed   flask   fitted   with   a   mechanical 
stirrer  as  shown  in  Fig.  1.    The  upper  half  of  the  mercury  seal 
revolves  and  is  the  only  part  of  the  apparatus  to  which  the  stir- 
ring rod  is  attached.    50  cc.  of  toluene,  dried  over  sodium,  are 
placed  in  the  flask  with  six  equivalents  of  metallic  sodium.    The 
flask  is  heated  until  the  toluene  refluxes.    The  stirrer  is  then 
rotated  vigorously  imtil  the  melted  sodium  is  divided  into  a 
fine  emulsion  with  the  toluene.    Then  while  the  stirrer  is  still 
running,  the  metal  bath  is  removed  and  a  few  cc.  of  absolute 
alcohol  are  allowed  to  run  into  the  flask  through  the  dropping 
funnel.     Following  this  the  ester,  dissolved  in  three  equivalents 
of  alcohol,  is  rapidly  introduced  through  the  same  funnel.    The 
best  results  are  obtained  if  all  of  this  solution  is  added  within  10 
or  15  minutes.     It  is  at  first  necessary  to  cool  the  reaction  flask 
^th  a  bath  of  cold  water  which  is  removed  as  soon  as  the  reaction 
moderates  to  such  a  degree  that  the  reflux  condenser  is  capable 
of  condensing  the  alcohol  vapor.     When  refluxing  has  nearly 
ceased — ^after  20  to  30  minutes — ^more  absolute  alcohol  is  slowly 
added.    When  this  no  longer  causes  refluxing  the  flask  is  again 
heated  with  a  metal  bath.    This  is  continued  with  the  occasional 
addition  of  alcohol    until  the  sodium  is  completely  dissolved. 
At  this  time  the  contents  of  the  flask  are  entirely  in  solution. 
The  reaction  should  be  completed  in  about  an  hour.     If  it  pro- 
ceeds more  rapidly  than  this  some  ester  may  escape  reduction 
or  saponification  and  may  appear  as  an  impurity  of  the  higher 
alcohol.    It  is  always  essential  to  have  a  considerable  degree  of 
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Fia.  1.    Apparatus  for  the  reduction  uf  esters  to  alcohols. 
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ution  as  otherwise  the  yield  of  the  new  alcohol  is  impaired 
rough  side  reactions.  The  quantity  of  absolute  alcohol  used 
'  the  reduction  is  generally  about  250  cc.  The  toluene  aids 
3  reaction  not  only  by  permitting  the  melting  and  emulsification 
the  sodium  but  also  by  dissolving  the  soap  formed  in  course 
the  reaction,  thus  keeping  the  entire  mass  liquid. 
After  the  reduction  is  completed  the  hquid  is  cooled,  diluted 
th  cold  water,  and  rapidly  distilled  with  steam.  The  first  por- 
•ns  of  the  distillate  contain  practically  pure  ethyl  alcohol  and 
luene.  When  the  greater  portion  of  these  has  been  distilled  over 
d  the  upper  layer  of  liquid  in  the  distilling  flask  has  been  reduced 
a  small  volume  the  further  distillate  acquires  the  odor  of  the 
w  alcohol.  The  receiver  is  then  changed  and  soon  the  dis- 
[ate  turns  cloudy  and  contains  water  and  the  new  alcohol  with 
tie  ethyl  alcohol  and  with  Uttle  or  no  toluene.  Occasionally 
t;er  all  of  the  new  alcohol  has  been  distilled  over,  a  small  amount 
dark  colored  material  remains  floating  in  the  distilling  flask. 
lis  consists  of  condensation  products  and  other  reduction 
oducts  from  the  ester  and  does  not  appear  if  the  reduction  has 
en  properly  carried  out.  It  is  not  necessary  to  remove  it 
fore  recovering  the  acid  resulting  from  saponification  of  the 
ber.  This  is  done  by  acidifying  and  subsequently  distilling  the 
id  out  with  steam. 

The  alcohol-toluene  distillate  was  fractionated  through  a  five 
lib  18  inch  column.  All  but  a  small  portion  distilled  at  78-79°. 
le  residue  left  in  the  distilling  flask  after  the  temperature  has 
ached  80°  is  added  to  the  distillate  containing  the  new  alcohol, 
•om  5  to  10  per  cent  of  the  yield  is  obtained  in  this  way. 
With  alcohols  of  six  to  nine  carbons  the  yield  is  60  to  65  per 
nt  of  the  theory,  calculated  on  the  basis  of  the  ester  used.  If 
e  recovered  acid  is  taken  into  consideration  the  jdeld  is  90 
95  per  cent.  Laurie  ester  gave  a  slightly  smaller  yield. 
5-Methylhexyl  alcohol  is  very  slightly  soluble  in  water  and  in 
nstant  boiling  hydriodic  acid.  Boiling  point  170.5°C.  (corrected) 
755  nmi.  pressure.  Specific  gravit}'  at  25°,  0.8192.  A  1.6  cc. 
''knometer  was  used. 

0.1018  gm.  substance  gave  0.2710  gm.  COs  and  0.1248  gm.  HtO. 

Calculated  for 

CtHmO:  Found: 

C 72.33  72.53 

H 13.88  13.74 
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5-Methylhexyl  Phenylurethane. — ^The  urethane  was  prepared  from 
3  gm.  of  alcohol  in  the  manner  described  under  3-methylbutyl 
phenylurethane.  The  melting  point  was  constant  after  three  crys- 
tallizations from  dilute  alcohol.    Melting  point  82.5°C.  (corrected). 

0.1993  gm.  substance  neutralized  8.41  cc.  0.1  n  HCl  (Kjeldahl). 


N. 


Calculated  for 

CuHmNO!: 

Found: 

5.95 

5.91 

6'Methylhexyl  Iodide, — 75  gm.  lots  of  5-methylhexyl  alcohol 
were  converted  into  the  iodide  in  the  manner  described  under 
3-methylbutyl  iodide.  The  yield  was  85  per  cent  of  the  theory. 
The  iodide  is  to  a  large  degree  soluble  in  absolute  methyl  alcohol. 
Boiling  point  195.0-195.2°C.  (corrected)  at  765  mm.  pressure. 

0.1921  gm.  substance  gave  0.1998  gm.  Agl  (Carius). 

Calculated  for 

CtHuI:  Found: 

1 56. 15  56.20 


Ethyl  S'Methylhexylmalonate. — 5-Methylhexy]  iodide  was  con- 
densed with  malonic  ester  in  50  gm.  lots.  A  portion  of  the  ester 
was  washed  with  water,  dried,  and  distilled  three  times  under 
diminished  pressure.  Boiling  point  155°C.  (corrected)  at  15  mm. 
pressure. 

0.1237  gm.  substance  gave  0.2964  gm.  CO2  and  0.1134  gm.  H,0. 


G. 
H. 


Calculated  for 
Ci  H.-«0«: 

Found: 

65.06 

65.25 

10.15 

10.26 

S-Methylhexylmalonic  Add. — ^The  crude  ester  was  saponified  and 
the  acid  recovered  from  the  soap  in  the  manner  described.  The 
lesser  solubility  in  water  of  5-methyJhexylmaJonic  acid  and  of  its 
calcium  salt  made  the  use  of  the  continuous  extractors  imnecessary. 
The  acid  is  somewhat  more  soluble  in  petroleum  ether  than  is 
3-methylbutylmalonic  acid,  but  this  solvent  was  still  found  satis- 
factory for  washing  the  crystals.  The  substance  crystallizes 
readily  from  benzene.  Melting  point  100.0-100.3°C.  (corrected) 
without  decomposition. 
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0.1380  gm.  substance  gave  0.2d97  gm.  COs  and  0.1131  gm.  HsO. 
0.6218    **  ''  neutralized  61.58  cc.  0.1  n  NaOH. 

Calculated  for 

CioHitOi:  Found: 

C 59.35  59.20 

H 8.96  9.17 

Mol.  Wt 202.1  201.9 

0.5  gm.  of  the  acid  was  shaken  with  50  cc.  of  water  for  4  hours 
on  2  consecutive  dsiys  and  then  allowed  to  settle  over  night.  A 
portion  of  the  clear  solution  was  removed,  passed  rapidly  through 
a  filter  and  titrated.  10  cc.  of  solution  neutralized  4.11  cc.  0.1  n 
NaOH,  which  is  equivalent  to  0.0415  gm.  of  the  acid.  The  solu- 
bility at  24.5°  is  therefore  4.15  gm.  per  liter. 

7'Methyloctylic  Acid. — ^The  5-methylhexylmalonic  acid  was  de- 
composed in  the  usual  manner.  After  the  first  distillation  the 
7-methyloctylic  acid  was  neutralized  with  sodium  hydroxide  and 
the  solution  extractedt  wice  with  ether  to  remove  impurities.  The 
acid  was  then  recovered  from  the  salt  and  distilled  twice  under 
diminished  pressure.  It  is  very  sUghtly  soluble  in  water  and  is 
somewhat  volatile  with  steam.  Boiling  point  248°C.  (corrected) 
at  765  mm.  pressure  and  140.5^0.  at  15  mm.  pressure.  The  acid 
solidifies  in  the  refrigerator  kept  at  O^C. 

0.1566  gm.  substance  gave  0.3925  gm.  COs  and  0.1622  gm.  HtO. 

Oalculated  for 

CiHiiOi:  Found: 

C 68.29  6S.35 

H 11.47  11.59 

7'Methyloctylic  Amide. — ^The  amide  was  prepared  as  described 
under  5-methylhexylic  amide  and  was  purified  by  crystallizing 
from  alcohol.    Melting  point  106.5**  (corrected). 

0.1024  gm.  substance  neutralized  6.50  cc.  0.1  N  HCl. 

Calculated  for 
CtUwNO:  Found: 

N 8.90  8.88 

Ethyl  7'Methyloctylate. — ^The  acid  was  esterified  with  alcohol  and 
sulfuric  acid  in  the  asual  manner.  Another  sample  was  esterified 
by  saturating  an  alcohoUc  solution  of  the  acid  with  hydrogen 
chloride.  The  yield  of  distilled  ester  in  each  case  was  about  90 
per  cent  of  the  theory.  214  gm.  of  acid  gave  228  gm.  of  ester. 
Boiling  point  220.5°C.  (corrected)  at  764  mm.  pressure. 
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0.1237  gm.  substance  gave  0.3208  gm.  COs  and  0.1326  gm.  HsO. 

Calculated  for 
CiiHnOs:  Found: 

C 70.90  70.72 

H 11.91  12.00 

7'Methyloctyl  Alcohol. — 7-Methyloctylic  ester  was  reduced  in  the 
manner  described  above.  125  gm.  of  ester  gave  62  gm.  of  alcohol. 
30  gm.  of  crude  7-methyloctylic  acid  were  recovered.  The  yield  of 
alcohol  was  64  per  cent.  The  jdeld  taking  the  recovered  acid  into 
consideration  is  89  per  cent.  Boiling  point  206.0°C.  (corrected) 
at  761  mm.  pressure.  The  specific  gravity  at  25**C.  is  0.8260 
(1.6  cc.  pyknometer  was  used). 

0.1201  gm.  substance  gave  0.3292  gm.  COs  and  0.1493  gm.  HsO. 


C. 
H 


Calculated  for 
CtHjoO: 

Found: 

74.92 

74.74 

13.98 

13.92 

7'Methyloctyl  Phenylur ethane, — The  urethane  was  prepared  from 
2  gm.  of  7-methyloctyl  alcohol  and  1.8  gm.  of  phenylisocyanate. 
After  three  recrj'stallizations  the  melting  point  showed  no  further 
change.     Melting  point  66.4°C.  (corrected). 

0.2006  gm.  substance  neutralized  7.45  cc.  0.1  n  HCl  (Kjeldahl). 

Calculated  for 
CuUsiNOt:  Found: 

N 5.32  5.20 

7-Methyloctyl  Iodide, — The  first  lot  of  iodide  was  prepared  by 
very  slowly  distilling  the  alcohol  with  five  equivalents  of  constant 
boiling  hydriodic  acid.  As  the  iodide  did  not  distill  over  readily, 
in  later  preparations  the  acid  and  alcohol  were  refluxed  for  4 
hours  and  then  the  iodide  was  removed  in  a  separatory  funnel. 
The  yield  was  94  per  cent  of  the  theory.  35  gm.  of  alcohol  gave 
58  gm.  of  distilled  iodide.  Boiling  point  120.0°C.  (corrected) 
at  20  mm.  pressure. 

0.3055  gm.  substance  gave  0.2806  gra.  Agl  (Carius). 

Colcuhted  for 

CiHitl:  Found: 


49.90  49.65 


Ethyl  7-Methyloctylmalonate. — 71   gm.  of   7-methyIoct3'l  iodide 
were  condensed  with  malonic  ester  in  two  lots.     One  and  a  half 
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equivalents  each  of  sodium  and  malonic  ester  were  used  to  avoid 
as  much  as  possible  the  formation  of  di-7-methyloctylmalonie 
ester.  The  yield  was  65  per  cent  of  the  theory.  Boiling  point 
182**C.  (corrected)  at  18  nmi.  pressure." 

0.1006  gm.  substance  gave  0.2480  gm.  COs  and  0.0970  gm.  HtO. 

Calculated  for 
CicHatfOi:  Fomui: 

C 67.08  67.23 

H 10.56  10.79 

7-Meihyloctylmalonic  Acid, — The  ester  was  saponified  and  the 
dibasic  acid  recovered  from  the  soap  in  the  usual  manner.  The 
very  small  yield  of  calcium  salt  from  the  mother  Uquors  indicated 
that  7-methyloctylmalonic  acid  is  practically  insoluble  in  water. 
It  crystallizes  readily  from  benzene  and  is  more  soluble  in  petroleum 
ether  than  5-methylhexylmalonic  acid.  Melting  point  92°C.  (cor- 
rected) without  decomposition. 

0.1055  gm.  substance  gave  0.2426  gm.  COx  and  0.0930  gm.  HsO. 

Calculated  for 

CuHs.04:  Found: 

C 62.56  62.70 

H 9.63  9.86 

9'Meihyldecylic  Add, — 57  gm.  of  7-methyloctylmalonic  acid  were 
decomposed  and  the  9-methyldecylic  acid  was  separated  from 
alkaU-insoluble  impurities  in  the  usual  manner.  The  monobasic 
acid  was  then  distilled  three  times  under  diminished  pressure. 
It  crystallizes  in  waxy  plates  at  room  temperature.  It  is  slightly, 
if  at  all,  volatile  with  steam.  Boiling  point  174.0-174.5**C.  (cor- 
rected) at  23  mm.  pressure. 

0.1016  gm.  substance  gave  0.2650  gm.  CO,  and  0.1088  gm.  HxO. 

Calculated  for 

CuHkO}:  Found: 

C 70.90  71. 13 

H 11.91  11.98 

2'Mcthylpropyl  Alcohol  (Jsohutyl  Alcohol). — Two  1  kilo  lots  of 
Kahlbaum*s  isobutyl  alcohol  were  used.  They  had  no  optical 
activity  and  when  slowly  distilled  through  a  five  bulb  18  inch 
column  had  a  boiling  point  range  of  106-108°.  This  alcohol  was 
fractionated  three  times  and  the  fraction  boiling  at  106-107°  used. 

*-  It  is  recognized  that  to  follow  the  homologous  series  closely  this  boil- 
ing point  should  be  2°  higher  or  the  boiling  point  of  6-methylhepthylma- 
lonic  ester  should  be  lower.  These  two  boiling  points  were,  however, 
carefully  checked  several  times.  Over  40  gm.  of  substance  were  in  each 
case  available. 
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Br  pounds  of  isobutyl  alcohol  prepared  by  the  Du  Pont  Chemical 
Works  were  also  used.  This  alcohol  was  purer  than  the  Kahlbaum 
product.  It  had  no  optical  activity  and  85  per  cent  of  it  distilled 
at  106-107°  on  the  first  fractionation.  This  portion  again  frac- 
tionated through  a  five  bulb  column  distilled  completely  at  10&-107® 
(uncorrected). 

4'MethylpentyKc  Acid, — Isobutyl  iodide  was  prepared  in  the 
usual  manner.  All  of  the  iodide  was  carefully  fractionated  through 
a  five  bulb  colunm.  That  prepared  from  the  Kahlbaum  alcohol 
was  found  to  contain  some  lower  iodides  but  was  obtained  pure 
after  three  fractionations.  The  iodide  prepared  from  the  Du 
Pont  alcohol  was  foimd  to  be  very  pure  and  was  only  fraction- 
ated once.    The  iodide  used  all  boiled  at  118-119**  (uncorrected). 

The  iodide  was  condensed  with  malonic  ester  in  100  gm.  lots. 
The  isobutylmalonic  ester  was  saponified  in  lots  as  large  as  1 
kilo  in  the  manner  described  above.     The  soap  was  thoroughly^ 
extracted  with  acetone  twice  and  then   decomposed   and  the 
isobutylmalonic  acid  recovered  in  -the  usual  manner.    The  large 
yield  of  calcium  salt  indicated  that  isobutyl  malonic  acid  is  readily 
soluble  in  water.    As  the  calcium  salt  makes  a  5  per  cent  solution 
in  water  the  process  is  somewhat  wasteful.    The  yield  of  crystal- 
line isobutylmalonic  acid  was  50  per  cent  of  the  theory,  calculated 
on  the  basis  of  the  isobutyl  iodide  used.    The  dibasic  acid  was 
decomposed  and  the  4-methylpentylic  acid  freed  from  alkali-insolu- 
ble impurities  in  the  usual  manner.     Boiling  point,  199.2-199.7* 
(corrected).    A  sample  of  4-methylpentylic  acid  prepared  from 
3-methylbutyl  alcohol  through  the  nitrile  showed  the  same  boil- 
ing point. 

4'Methylpeniyl  Alcohol, — ^This  alcohol  has  been  prepared  by 
several  workers"  and  several  different  boiling  points  have  been 
given  for  it. 

4-Methylpentylic  acid  was  esterified  and  the  ester  reduced  in  the 
usual  manner.  No  record  was  kept  of  the  jdeld  of  alcohol  which 
was,  however,  known  to  be  as  good  as  in  the  other  reductions. 
Through  an  oversight  the  alcohol  was  not  analyzed.  As  the 
quantity  prepared  was  large  the  boiling  point  given  is  probably 
correct.     Boiling  point  153°C.  (corrected)  at  760  mm.  pressure. 

"  Rossi,  A.,  Ann.  Chem.,  1865,  cxxxiii,  180.  Bouveault  and  Blanc, 
BuU,  Soc.  chim.,  1904,  xxxi,  1210;  Chem.  Zentr.,  1935,  25.  Buelens,  A., 
Bull.  Acad.  roy.  Belg.,  1908,  921;  Chem.  Zentr.,  1933,  832. 


\ 


p.  A.  Levene  and  C.  H.  Allen  451 

4'Meihylpentyl  PhenylureOiane. — ^The  urethane  was  prepared 
from  3  gm.  of  the  alcohol  in  the  usual  manner.  After  six  crystal- 
lizations from  dilute  alcohol  its  melting  point  showed  no  further 
change.    Melting  point  48^C.  (corrected). 

0.2010  gm.  substance  neutralized  9.07  cc.  0.1  n  HGl  (Kjeldahl). 

Calculated  for 
CuHitNOt;  Fountf: 

N 6.33  6.32 

^'Meihylpentyl  Iodide. — ^The  iodide  was  prepared  and  purified  in 
the  usual  manner.  The  yield  was  68  per  cent  of  the  theory,  not 
allowing  for  the  iodide  obtained  by  redistilling  the  low  boiUng 
portions  of  iodide  with  acid.  Boiling  point  173.2^0.  (corrected) 
at  762  mm.  pressure. 

0.2087  gm.  substance  gave  0.2326  gm.  Agl  (Carius). 

Calculated  for 

C»HitI:  Found: 


59.95  60.25 


Ethyl  4'Methylpeniylmalonate. — ^The  iodide  was  condensed  with 
cnalonic  ester  in  50  gm.  lots.  A  portion  of  the  ester  was  puri- 
Sed  and  gave  the  following  values.  Boiling  point  137.0^0. 
Ceorrected)  at  11  mm.  pressure. 

0.0994  gm.  substance  gave  0.2320  gm.  COs  and  0.0906  gm.  HsO. 

CalculatMl  for 

CuHstOc:  Found: 

C. 63.88  63.65 

H 9.91  10.20  . 

4rMethylpentylmalonic  Acid. — ^The  crude  ester  was  saponified, 
the  soap  washed  with  acetone,  and  the  acid  recovered  in  the  usual 
manner.  The  acid  is  moderately  soluble  in  water,  crystalUzes 
well  from  benzene,  and  is  quite  insoluble  in  petroleum  ether. 
A.  portion  after  three  crystaUizations  from  benzene  showed  no 
Further  change  in  melting  point.  Melting  point  86.5^C.  (cor- 
rected) without  decomposition. 

0.1280  gm.  substance  gave  0.2696  gm.  COs  and  0.0936  gm.  HsO. 

Calculated  for 

CiH  tOt:  Found: 

C 57.41         57.44 

H 8.57         8.71 
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6'Methylheptylic  Add. — ^The  dibasic  acid  was  decomposed  and 
the  monobasic  acid  freed  from  alkali-insoluble  impurities  in  the 
usual  manner.  The  6-methylheptylic  acid  was  then  distilled  twice 
under  diminished  pressure.  Boiling  point  126-127°C.  (corrected) 
at  14  mm.  pressure  and  232**C.  at  762  mm.  pressure.  It  solidifies 
in  a  refrigerator  kept  at  0°C.  A  sample  of  the  acid  prepared 
fronp  5-methylhexyl  iodide  through  the  nitrile  gave  the  same  boil- 
ing point. 

0.1500  gm.  substance  gave  0.3648  gm.  CO2  and  0.1478  gm.  HsO. 

Calculated  for 

CfHicOi:  Found : 

C 66.58  66.32 

H 11.18  11.04 

6'Methylheptylic  Amide, — ^8  gm.  of  6-methylheptylic  acid  wer^ 
converted  into  the  acid  chloride  and  then  into  the  amide  in  th^ 
usual  manner.  The  substance  crystaUized  in  white  glistening- 
plates.    The  constant  melting  point  is  114.0°C.  (corrected). 

0.1002  gm.  substance  gave  0.2459  gm.  COs  and  0.1068  gm.  HsO. 

Calculated  for 
CsHitON:  Found: 

C '. 67.06  66.92 

H 11 .97  11 .94 

Ethyl  6'Methylheptylate, — ^The  acid  was  esterified  with  99.5  per 
cent  alcohol  and  sulfuric  acid.  The  ester  was  washed  with  water, 
dried,  and  distilled  five  times.  Boiling  point  200.3**C.  (corrected) 
at » 761  mm.  pressure. 

0.1394  gm.  substance  gave  0.3552  gm.  COj  and  0.1473  gm.  HiO. 


C. 
H 


Calculated  for 
CioHfoOi: 

Found 

69.70 

69.50 

11.71 

11.83 

6'Miihylhepiyl  Alcohol. — 6-MethylheptyUc  ester  was  reduced  in 
the  usual  manner.  Difficulty  in  purifying  the  alcohol  brought  the 
yield  of  distilled  alcohol  down  to  80  per  cent,  taking  into  considera- 
tion the  recovered  acid.  144  gm.  of  ester  gave  71  gm.  of  alcohol 
or  65  per  cent  of  the  theory.  Boiling  point  188.5°C.  (corrected) 
at  764  mm.  pressure.  Specific  gravity  at  25°,  0.8230  (1.6  cc. 
pyknometer  used). 
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0.1180  gm.  substance  gave  0.3179  gm.  COs  and  0.1476  gm.  HsO. 

Calculated  for 

CtHiiO:  Found: 

C 73.77  73.47 

H 13.94  14.01 

6'Methylheptyl  Phenylurethane. — 3  gm.  of  alcohol  were  converted 
into  the  iirethane  in  the  usual  manner.  After  three  crystallizations 
from  alcohol  the  melting  point  showed  no  further  change.  Melt- 
ing point  81.0-81.4°C.  (corrected). 

0.1006  gm.  substance  neutralized  4.05  cc.  0.1  n  HCl  (Kjeldahl). 

Calculated  for 
Ct»Hu0iN:  Found: 

N...., 5.62  5.64 

6'Methylheptyl  Iodide. — ^50  gm.  of  6-methylheptyl  alcohol  were 
refluxed  for  4  hours  with  five  equivalents  of  constant  boiling  hydri- 
odic  acid.  The  yield  of  distilled  iodide  was  81  gm.  or  88  per  cent  of 
the  theory.  It  is  insoluble  in  hydriodic  acid  and  makes  about  a 
20  per  cent  solution  in  absolute  methyl  alcohol.  Boiling  point 
lOO.O^C.  (corrected)  at  17  mm.  pressure. 

0.1713  gm.  substance  gave  0.1671  gm.  Agl  (Carius). 

Calculated  for 

CaHnl:  Found: 

1 52.87  52.73 


Ethyl  6'Methylheptylmalonate. — 51.5  gm.  of  6-methylheptyl 
iodide  were  condensed  with  malonic  ester  using  one  and  a  half 
equivalents  each  of  sodium  and  malonic  ester.  The  yield  of  dis- 
tilled ester  was  42.5  gm.  or  73  per  cent  of  the  theory.  Two  distil- 
lations under  diminished  pressure  gave  a  pure  sample.  Boiling 
point  171.8**C.  at  18  mm.  pressure.  This  boiling  point  was  deter- 
mined with  unusual  care." 

0.1039  gm.  substance  gave  0.2523  gm.  COs  and  0.0950  gm.  HtO. 


C. 


Calculated  for 
CuH>  0«: 

Found: 

66.12 

66.22 

10.36 

10.24 

6'Methylheptylmalonic  Acid. — ^The  distilled  6-methylheptylma- 
lonic  ester  w^as  saponified  and  the  soap  washed  with  acetone.  The 
acid  was  recovered  from  the  soap  and  recrj-stallized  in  the  usual 
manner.     It  crystallizes  well  from  benzene  and  is  moderately  sol- 
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uble  in  petroleum  ether.    Melting  point  89.5-90.0°C.  (corrected) 
without  decomposition. 

0.1020  gm.  substance  gave  0.2279  gm.  COt  and  0.0859  gm.  H2O. 

Calculated  for 

CiiH}o04;  Found? 

C 61.06  60.93 

H 9.33  9.43 

S'M^thylmmylic  Acid, — ^The  6-methylheptyhnalomc  acid  was 
decomposed  and  the  monobasic  acid  freed  from  alkali-insolubl&r 
impurities  in  the  usual  manner.    The  8-methylnonylic  acid  waae 
distilled  three  times  under  diminished  pressure.    After  the  firsts 
distillation  the  whole  quantity  was  of  practically  constant  boiling 
point.    The  acid  solidifies  at  room  temperature.    Boiling  points 
155.6**C.  (corrected)  at  16  nmi.  pressure. 

0.1242  gm.  substance  gave  0.3174  gm.  COt  and  0.1296  gm.  HtO. 

Calculated  for 
Ci  oUsoOi :  Found : 

C 69.70  69.68 

H 11.71  11.69 

Oxidation  with  Hydrogen  Peroxide. 

The  acids  employed  for  the  oxidation  experiments  were  in  every 
case  ester-free  and  of  constant  boiling  point.  The  hydrogen  per- 
oxide varied  in  strength  from  2.67  to  3.87  per  cent  as  shown  by 
titration.  All  the  samples  of  hydrogen  peroxide  reacted  acid  to 
Congo  red  and  contained  traces  of  inorganic  matter. 

In  alkaline  solution  the  oxidations  were  not  successful  and 
little  or  no  acetone  was  formed.  A  maximum  3deld  of  acetone 
was  obtained  when  the  oxidation  was  done  in  slightly  acid  solu- 
tion. In  those  oxidations  in  which  it  was  desired  to  obtain 
aldehydes  the  distillation  was  quite  rapid.  When  a  maximum 
yield  of  acetone  was  desired  the  rate  of  distillation  was  slower. 

Small  condensers  were  used  to  avoid  mechanical  loss  of  alde- 
hydes and  acids.  The  condensers  extended  below  the  surface 
of  the  hquid  in  the  receivers  which  were  very  efficiently  cooled 
with  an  ice  mixture.  By  this  means  the  loss  of  material  was 
efifectively  prevented. 

Two  series  of  oxidations  were  carried  out.  The  first  series 
had  for  its  purpose  the  preparation  and  identification  of  the 
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aldehydes,  volatile  acids,  and  ketones.  The  second  series  aimed 
to  show  the  effect  on  the  yield  of  acetone  of  the  increasing  distance 
between  the  tertiary  carbon  atom  and  the  carboxyl  group.  In 
this  series  the  number  of  distillations  was  reduced  to  a  minimum. 

Preparation  of  Samples  for  Oxidation. — A  given  weight  of  the 
acid  was  mixed  with  about  10  cc.  of  water,  approximately  neutral- 
ized with  10  per  cent  sodium  hydroxide,  and  the  calculated  amount 
of  hydrogen  peroxide  added.  The  mixture  was  made  neutral 
to  phenolphthalein  and  tl^n  about  0.3  cc.  of  10  per  cent  sulfuric 
acid  added. 

Procedure  for  the  First  Series  of  Oxidations. — The  mixture  of 
soap  and  hydrogen  peroxide  was  distilled  until  the  volume  of 
the  liquid  in  the  flask  was  reduced  to  20  to  30  cc.  This  residue 
contained  the  sodium  salts  of  the  unoxidized  acid  and  of  any 
acidic  oxidation  products,  together  with  inorganic  salts.  It 
will  be  referred  to  as  the  oxidation  residue.**  If  it  showed  the 
presence  of  formic  acid  (silver  test)  a  few  cc.  of  0.5  n  potassium 
permanganate  solution  were  added  and  the  mixture  was  placed 
in  the  refrigerator  at  0**C.  for  a  few  hours.  Following  this  it 
was  acidified  and  the  acids  were  extracted  with  ether  in  the  cus- 
tomary way.     Finally  the  acids  were  converted  into  silver  salts. 

Following  the  procedure  of  Dakin,  the  distillate  from  the  oxida- 
tion was  separated  into  two  fractions,  one  containing  ketones 
and  aldehydes,  and  the  other  the  volatile  acids.  In  order  to 
bring  about  this  separation  the  distillate  was  rendered  alkaline 
and  redistilled.  The  residue  contains  the  soafis  of  the  volatile 
acids  and  the  distillate  contains  the  aldehj^des  and  ketones.  The 
volatile  acid  residue  was  treated  in  the  same  manner  as  the 
oxidation  residue.  In  order  to  separate  the  aldehydes  from  the 
lactones  they  were  oxidized  by  means  of  Tollens'  reagent  into 
the  corresponding  acids.  After  this  the  mixture  was  made 
acid  with  sulfuric  acid  and  distilled  nearly  to  dryness.  This 
distillate  again  was  rendered  slightly  alkaline  and  redistilled 
until  the  volume  of  the  liquid  in  the  distilling  flask  was  reduced 
to  20  to  30  cc.  The  volatile  acids  of  this  final  residue  were  identi- 
fied in  the  form  of  silver  salts.     They  will  be  referred  to  as  acids 

"  Several  unsuccessful  attempts  were  made  to  isolate  dibasic  acids 
from  the  oxidation  residues  from  4-methylpentylic  and  5-methylhexylic 
acids.    No  indication  of  the  presence  of  these  acids  was  obtained. 
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from  aldehydes.  The  distillate  containing  the  ketones  was 
extracted  twice  with  ether.  For  identification  of  the  acetone 
the  extracted  solution  was  treated  with  a  solution  of  p-nitro- 
phenylhydrazine.  The  reagent  was  prepared,  according  to  the 
method  of  Dakin/^  by  dissolving  one  part  of  the  hydrazine  in 
thirty  parts  of  hot  40  per  cent  acetic  acid  and  then  cooling  and 
filtering  the  solution.  The  hydrazone  which  precipitated  al- 
most at  once  was  filtered  o£f  and  crystallized  from  alcohol  imtil 
pure.  ^ 

Procedure  for  the  Second  Series  of  Oxidations. — 3  gm.  lots  of 
acid  were  prepared  for  oxidation  in  slightly  acid  solution  as 
described  above.  Three  and  a  half  equivalents  of  hydrogen 
peroxide  were  used.  The  mixture  was  distilled  xmtil  the  volume 
of  liquid  in  the  distilling  flask  was  reduced  to  20  to  30  cc.  The 
aldehydes  in  the  distillate  were  oxidized  with  Tollens'  reagent. 
The  mixture  was  then  made  acid  with  strong  sulfuric  acid  and 
distilled  almost  to  dryness.  The  new  distillate  which  contains 
volatile  acids  and  ketones  was  used  for  the  estimation  of  ace- 
tone. It  was  separated  into  two  parts  and  one  part  was  em- 
ployed for  titration  directly.  The  other  part  was  extracted 
with  one-fourth  its  volume  of  alcohol-free  ether  prior  to  titration. 
The  object  of  this  treatment  was  to  remove  the  difficulty  which 
was  encountered  in  the  titration  of  the  ketone  fraction  obtained 
in  the  experiments  with  acids  higher  than  isocaproic.  The  ke- 
tones formed  as  the  result  of  jS  oxidation  in  these  experiments, 
owing  to  their  insolubiUty  in  water,  make  it  difficult  to  obtain 
a  uniform  sample  for  titration.  It  was  established  by  prelimi- 
nary experiment  that  an  aqueous  solution  of  acetone  of  a  con- 
centration approaching  that  of  our  experiments  loses  under 
these  fixed  conditions  between  11  and  14  per  cent  of  the  original 
acetone.  It  is  recognized  that  in  the  case  of  the  higher  acids 
the  accuracy  of  the  data  obtained  for  the  unextracted  solutions 
is  open  to  question.  Nevertheless  the  values  reported  are  the 
result  of  titrations  which  check  closely  and  the  results  are  serv- 
iceable for  comparison. 

The  acetone  was  titrated  by  the  Messinger-Huppert  iodine- 
thiosulfate  method.  It  was  found  necessary  to  carry  out  the 
titration  in  a  large  and  uniform  volume  of  liquid  to  avoid  the 

^«  Dakin,  ./.  Biol.  Chem.,  1908,  iv,  235. 
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errors  otherwise  arising  from  the  heat  of  neutraUzation  of  the 
10  cc.  of  40  per  cent  sodium  hydroxide  used  in  the  process.  10 
cc.  lots  of  the  distillates  containing  from  5  to  20  mg.  of  acetone 
were  diluted  to  400  cc.  and  the  titration  was  carried  out  in  the 
usual  manner.  1  cc.  of  0.1  n  iodine  is  equivalent  to  0.967  mg. 
of  acetone. 

Oxidation  of  Isobutyric  Add  {Second  Series), — Kahlbaum's 
isobutyric  acid  was  distilled  twice  and  the  fraction  boiling  at 
155.2-165.5°C.  (corrected)  was  used.  The  acid  was  oxidized 
in  the  manner  described  above  and  the  following  data  were 
obtained. 

TABLE  II. 


Total  T<^ume. 

Volume  titrated. 

0.1  M  I  used. 

Aeetone. 

Before 
extraction. 

After 
extraction. 

Before 
extraction. 

After 
extraction. 

ee, 

250 
250 
263 

ee. 

10 
10 
10 

ee. 

13.25 

12.45 

9.45 

ee. 

11.75 

11.05 

8.55 

320 
310 
240 

284 
267 
218 

Another  series  of  isobutyric  acid  oxidations  was  carried  out 
to  prove  the  formation  of  volatile  acids  of  lower  molecular  weight. 

5  gm.  lots  of  isobutyric  acid  were  prepared  for  oxidation  in  the 
usual  manner.  Only  one  equivalent  of  hydrogen  peroxide  was 
used.  The  distillates  from  the  oxidations  were  made  alkaline 
and  redistilled.  The  residue  from  this  distillation  contains 
isobutyric  acid  and  the  lower  acids  formed  by  the  oxidation. 
Silver  salts  were  made  from  the  residues  and  gave  the  following 
values.  The  absence  of  formic  acid  was  indicated  by  these  salts 
being  entirely  stable.  The  molecular  weights  were  determined 
on  the  basis  of  the  silver  content. 


• 

Sample. 

.Silver. 

Mol.  wt. 

Found: 

Calculated  for 
C»H-OiAg: 

mg. 

0.0559 
0.1233 
0.1433 

mg. 

0.0332 
0.0735 
0.0815 

179.4 
181.0 
189.9 

180.9 
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Oxidaiion  of  S-Methylbutylic  Add  (Second  Series). — ^Pure  3- 
methylbutylic  acid  was  prepared  by  the  oxidation  of  3-methyl- 
butyl  alcohol  with  sodium  bichromate.  The  acid  was  oxidized 
in  the  manner  described  above.  The  following  data  were  ob- 
tained. 

TABLE  III. 


Total  volume. 

Volume  titrated. 

0.1  N  I  required. 

Acetone. 

Before 
extractioo. 

After 
extraction. 

Before 
extraction. 

After 
extraction. 

ec. 

cc. 

cc. 

cc. 

mg. 

mg. 

200 

10 

21.2 

18.8 

410 

364 

215 

10 

20.5 

17.7 

426 

368 

Oxidation  of  4'Methylpentylic  Add  (First  Series). — 5  gm.  lots 
4-methylpentylic  acid  were  oxidized  as  described  under  the  pro— 
cedure  for  the  first  series  of  oxidations.  Table  IV  gives  the  ana- 
lytical data  obtained. 


TABLE  IV. 


Sample. 

Silver. 

Mol.  Wt. 

Source  of  silver  salt. 

Found: 

Calculated  for 
C«HnO».4g: 

Oxidation  residue 

it              « 

«               « 
Volatile  acids 

mg. 

0.1794 
0.1966 
0.1633 
0.2013 
0.1861 

0.1332 
0.1552 
0.0131 

mg. 

0.0867 
0.0951 
0.0784 
0.0965 
0.0898 

0.0697 
0.0816 
0.0068 

223.1 
223.1 
224.7 
225.2 
223.6 

206.2 
205.3 
207.9 

222.9 
222.9 

«         « 

Acids  from  aldehydes. 
«  «     <<             it 

it       ft             it 

C*H,0,Ag: 
208.9 

The  p-nitrophenylhydrazone  of  acetone  obtained  was  crys- 
tallized twice  from  alcohol.  Melting  point  148.5-149.0°C 
(corrected). 

0.1366  gm.  substance  gave  0.2798  gm.  COa  and  0.0729  gm.  HjO. 


C. 
H 


Calculated  for 

C»HiiO«N»: 

Found: 

55.95 

55.85 

5.74 

6.97 
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Oxidation  of  4'Methylpentylic  Acid  (Second  Series). — ^The  acid 
was  oxidized  as  described  under  the  procedure  for  the  second 
series  of  oxidations.    The  following  anal3rtical  data  were  obtained. 


TABLE  V. 


Total  Tdume. 

Volume  titrated. . 

0.1  N  I  required. 

Acetone. 

Before 
extraction. 

After 
extraction. 

Before 
extraction. 

After 
extraotion. 

ce. 

200 
250 
200 

or. 

10 
10 
10 

ee. 

15.7 

12.95 

14.0 

cc 
12.95 

10.95 
11.55 

mg, 

306 
313 
271 

205 
265 
223 

Oxidation  of  S-Methylhexylic  Acid  (First  Series). — Since  a  con- 
siderable amount  of  5-methyIhexylic  acid  was  available  the  oxida- 
tions were  carried  out  on  larger  quantities.  The  results  show  a 
normal  increase  in  the  yield  of  oxidation  products.  The  oxida- 
tions were  carried  out  as  described  under  the  procedure  for  the 
first  series  of  oxidations.  5  gm.  lots  of  acid  were  oxidized  with 
five  equivalents  of  hydrogen  peroxide.  Table  VI  gives  the  ana- 
lytical data  obtained. 

TABLE  VL 


Sample. 

SilTer. 

Mol.  Wt. 

Source  of  Ac  salt. 

Found: 

Cakulated  for 
CiHigOtAc: 

Oxidation  residue 

«              « 

Volatile  acids 

mg. 

0.1983 
0.1624 
0.1002 
0.1857 

0.1613 
0.2110 

mg. 

0.0904 
0.0742 
0.0466 
0.0847 

0.0783* 
0.1017 

236.7 
236.0 
232.1 
236.5 

222.1 
223.8 

236.9 
236.9 

U                  It 

Acids  from  aldehydes. 
«          tt             t( 

• 

CeHiiOiAg: 
222.9 

The  p-nitrophenylhydrazone  of  acetone  obtained  was  crystal- 
lized three  times  from  alcohol.  Melting  point  149.2°C. 
(corrected). 

Oxidation  of  S-Methylhexylic  Add  (Second  Series), — The  acid 
was  oxidized  as  described  under  the  procedure  for  the  second 
series  of  oxidations.     Table  VII  gives  the  analytical  data  obtained. 
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TABLE  VII. 


Total  volume. 

1 

Volume  titrated. 

0.1  N  I  required. 

Acetone. 

Before 
extraction. 

After 
extraction. 

• 

Before 
extraction. 

After 
extraction. 

cc. 

200 
200 
200 
250 

cc. 

10 
10 
10 
10 

(X. 

12.45 
12.55 
17.30 
14.25 

ce. 

9.25 

9.25 

13.05 

10.65 

mg. 

241 
243 
335* 
344* 

mfl. 

179 
179 
252* 
257* 

*  Theise  oxidations  were  carried  out  under  different  conditions. 

Oxidation  of  O-Methylheptylic  Acid  (Second  Series). — ^The  acid 
was  oxidized  in  the  manner  described  above  and  the  following 
analytical  data  were  obtained. 

TABLE  VIII. 


Total  volume. 

Volume  titrated. 

0.1  N  I  required. 

Acetone. 

Before 
extraction. 

After 
extraction. 

Before 
extraction. 

After 
extraotioD. 

cc. 

200 
220 
213 
210 
200 
200 
160 

ee. 

10 
10 
10 
10 
10 
10 
10 

cc. 

11.5 
10.3 
12.45 
12.65 

ce. 

9.45 

9.3 

8.25 

7.70 

9.2 

mg. 

222 
219 
256* 
257* 

m§. 

195* 

189* 

159 

149 

142 

*  These  oxidations  were  carried  out  under  different  conditions. 

After  titration  all  solutions  were  combined  and  extracted 
twice.  The  extracted  solution  was  used  for  the  preparation  of 
the  p-nitrophenylhydrazone  of  acetone.  The  hydrazone  was 
crystallized  three  times  from  alcohol.  Melting  point  148.5- 
149.5°C.  (corrected). 


0.1003  gm.  substance  gave  0.2049  gm.  CO2  and  0.0535  gm.  H,0. 


Calculated  for 
CiHuNiOi: 

C 55.95 

H 5.74 


Found: 
55.71 

5.97 
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Oxidation  of  7'Methyloctylic  Acid  {Second  Series). — ^The  acid  was 
oxidized  in  the  manner  described  above.  Table  IX  gives  the 
analytical  data  obtained. 


TABLE  IX. 


Total  volume. 

Volume  titrated. 

0.1  N  I  required. 

Acetone. 

Before 
extraction. 

After 
extraction. 

Before 
extraction. 

After 
extraction. 

cc. 
200 
200 

ce. 

10 
10 

ee. 

4.85 
6.92 

ee. 

4.02 
5.12 

mg. 

93 
134 

mg. 

78 
99 

To  secure  a  larger  amount  of  acetone  the  oxidation  residue  left 
after  the  first  distillation  was  oxidized  twice  more  with  three 
equivalents  of  hydrogen  peroxide  in  the  usual  manner.  All  the 
distillates  containing  acetone  were  combined  and  extracted 
twice  with  ether.  The  solution  was  then  distilled  imtil  about 
one-third  of  it  had  passed  over.  The  new  distillate  was  used  for 
making  the  p-nitrophenylhydrazone.  The  residue  from  the  dis- 
tillation gave  no  test  for  acetone.  The  hydrazone  was  crystal- 
lized three  times  from  alcohol.  Melting  point  148.5-149.5°C. 
(corrected). 

Oxidation  of  O-ATethyldecylic  Acid  (Second  Series), — ^The  acid 
was  oxidized  in  the  manner  described  above.  Table  X  gives 
the  analytical  data  obtained. 

TABLE  x. 


Total  volume. 

Volume  titrated. 

0.1  N  I  required. 

Acetone. 

Before 
extraction. 

AJfter 
extraction. 

Before 
extraction. 

After 
extraction. 

ee. 

200 
200 

ce. 

10 
10 

ee. 

3.72 
3.72 

ee. 

2.72 
2.72 

mg. 

72 
72 

mg. 

53 
53 

The  oxidation  residues  were  oxidized  twice  more  and  the  ace- 
tone p-nitrophenylhydrazone  was  prepared  as  described  under 
the  oxidation  of  7-methyloctylic  acid.  Only  a  small  quantity  of 
hydrazone  was  obtained.  This  was  crystallized  twice  from  alcohol. 
Melting  point  UO-US^'C.  (corrected). 
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TABLE  XI. 
Average  of  Data  from  the  Second  Series  of  Oxidations. 


Acetone. 

Acid. 

Theoreti- 
cal yield. 

Before  extraction. 

After  extraction. 

Lossoa 
extrac- 

Actual 
yield. 

Percent 

of 
theory. 

Yield 

per  gm. 

mol. 

Actual 
yield. 

Percent 

of 
theory. 

Yield 

per  cm. 

mol. 

tion. 

2-Methylpropylic . 
3-Methylbutylic. . . 
4-Methylpentylic . . 
5-Methylhexylic  .. . 
6-Methylheptylic .. 
7-Methy  loctylic . . . 
9-Methyldecylic... . 

mg. 

1,978 
1,707 
1,500 
1,338 
1,208 
1,101 
936 

mg. 

290 
418 
297 
242 
220 
114 
72 

14.6 
24.5 
19.8 
18.2 
18.2 
10.3 
7.7 

mg. 

851 
1,421 
1,149 
1,049 
1,056 
600 
447 

mg. 

258 
366 
246 
179 
150 
89 
53 

13.0 
21.4 
16.4 
13.4 
12.4 
8.1 
5.7 

mg. 

757 
1,245 
952 
776 
720 
469 
311 

percent 
11.0 

12.4 

17.2 

25.4 

25.0^ 

22.0 

26.4 

*  Calculated  from  the  data  marked  with  an  asterisk  under  oxidatioD 
of  6-methylheptylic  acid  (Table  VIII). 


THE  MECHANISM  OF  CHOLESTEROL  ABSORPTION. 

.  By  J.  HOWARD  MUELLER. 

{From  the  Department  of  Pathology  of  the  College  of  Physicians  and  Surgeons, 

Columbia  University ^  New  York,) 

(Received  for  publication,  September  25,  1916.) 

By  the  analysis  of  chyle  obtained  from  thoracic  duct  fistulas 
in  dogs  cholesterol  which  was  fed  has  been  shown^  to  be  absorbed 
from  the  alimentary  tract  through  the  lymphatic  system,  whether 
fed  as  free  cholesterol  or  as  cholesterol  esters.  An  increase  in 
both  fractions  was  always  recognizable  in  the  chyle,  so  that  the 
normal  proportion  of  one  part  of  free  to  two  or  three  parts  of 
combined  was  quite  constantly  maintained.  It  seemed  desirable 
to  investigate  further  the  mechanism  of  this  process,  particularly 
since,  as  has  been  pointed  out,^  there  are  rather  important  theo- 
retical reasons  for  studying  the  process  of  a  physiological  inter- 
change between  free  and  combined  cholesterol. 

There  are  three  general  locations  in  which  the  esterification 
or  saponification  processes  can  take  place  during  the  absorption 
of  cholesterol  and  its  esters.  A  priori  it  might  be  expected  from 
the  general  chemical  and  physical  similarities  between  these 
bodies  and  the  neutral  fats  that  the  same  enzymes  and  tissues 
which  are  connected  with  the  absorption  of  the  latter  must 
also  take  part  in  that  of  the  former.  The  enzymes  within  the 
gastro-intestinal  tract,  the  intestinal  mucosa,  and  the  mesen- 
teric lymph  nodes*  all  are  concerned  in  the  absorption  of  neu- 
tral fats.  Cholesterol,  during  its  absorption  into  the  chyle  of 
the  thoracic  duct,  must  be  subjected  to  the  activities  of  the 
same  enzymes  and  tissues.  The  experiments  to  be  described 
have  been  directed  at  all  these  agencies;  and  while  it  may  be 

*  Mueller,  J.  H.,  /.  Biol,  Chem.,  1915,  xxii,  1. 

*  Mueller,  /.  Biol,  Chem.,  1916,  xxv,  561. 

*  Stheeman,  H.  A.,  Beitr.  path.  Anat.  u.  allg.  Path,,  1910,  xlviii,  170. 
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stated  here  that  the  results  do  not  furnish  sufficient  evidence  for 
a  complete  explanation  of  the  changes  which  apparently  take 
place,  yet  it  is  thought  they  may  throw  some  Uttle  Ught  on  the 
process. 

Influence  of  the  Gastro-Intestinal  Tract  on  Cholesterol  Absorption. 

A  possible  change  in  the  ingested  cholesterol  taking  place  in 
the  stomach  or  intestine  was  sought  for  in  three  general  wsys: 
(1)  by  analysis  of  the  gastric  and  intestinal  contents  after  feed- 
ing cholesterol;  (2)  by  following  the  absorption  through  a  thoracic 
duct  fistula  with  experimental  elimination  of  certain  of  the  diges- 
tive juices;  and  (3)  by  experiments  in  vitro  dealing  with  the 
possible  action  of  various  enzymes  upon  cholesterol. 

The  determination  of  cholesterol  was  carried  out  by  the  Fraser 
and  Gardner^  modification  of  the  Windaus^  digitonin  method. 
The  extract  of  the  material  was  prepared  in  the  case  of  fluids, 
such  as  chyle,  by  the  alcohol-ether  method  of  Bloor,^  and  in  the 
case  of  tissues,  by  treating  the  finely  divided  material  with  hot 
alcohol-ether  followed  by  several  extractives  with  boiling  alcohol. 
To  remove  water-soluble  extractives,  which  are  always  present, 
the  combined  extracts  were  evaporated  to  a  small  bulk,  water 
and  salt  added  (to  prevent  formation  of  emulsions),  and  the 
material  extracted  thoroughly  with  ether.  The  details  of  this 
method  I  have  discussed  elsewhere.^ 

Experiment  L — ^After  24  hours'  fasting,  a  dog  was  allowed  to 
eat  four  raw  eggs,  shaken  up  in  350  cc.  of  water  to  which  a  Uttle 
NaCl  had  been  added.  10  cc.  of  this  egg  mixture  were  reserved 
for  analysis.  After  2  hours  the  stomach  contents  were  removed 
by  tube.  A  20  cc.  sample  was  analyzed.  Peptic  digestion  had 
apparently  been  active,  for  the  precipitate  formed  on  adding 
alcohol  to  the  digested  sample  was  very  light  and  fine  compared 
to  the  heavy  curdy  precipitate  of  the  fresh  mixture. 

*  Fraser,  M.  T.,  and  Gardner,  J.  A.,  Proc.  Roy.  Soc.,  Series  B,  1910, 
Ixxxii,  559. 

'  Windaus,  A.,  Z.  physiol.  Chem.,  1910,  Ixv,  110. 
«  Bloor,  W.  R.,  /.  Biol.  Chem.,  1916,  xxiv,  227. 
7  Mueller,  J.  Biol.  Chem.,  1916,  xxv,  549. 
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Sample  1.  ^*" 

Free 0.0236 

Combined 0.0020       C  :  T* 7.8 

Sample  2. 

Free 0.0251 

Combined 0.0027       C  :T 9.7 

^  C  :  T  denotes  the  ratio  of  combined  cholesterol  to  total  cholesterol 
on  a  percentage  basis. 

Experiment  2. — A  dog  was  allowed  to  eat  a  small  piece  of  meat 
and  three  raw  eggs.  4  hours  later  it  was  killed,  and  the  contents 
of  the  small  and  large  intestines  were  removed  separately.  The 
small  intestine  contained  about  150  cc.  of  thick  yellow  fluid, 
and  the  large  intestine  about  30  cc.  of  material  of  the  same  ap- 
pearance,  together  with  some  dark  colored  solid  feces.  The  lat- 
ter were  discarded.  About  10  cc.  of  each  of  the  contents  of  the 
large  and  small  intestines  were  analyzed. 

Small  intestine.  ^^' 

Free 0.0369 

Combined 0.0016       C  :T 4.2 

Large  intestine. 

Free 0.0227 

Combined 0.0022       C  :  T 8.8 

As  far  as  can  be  seen  from  these  results,  no  esterification  of 
free  cholesterol  appears  to  take  place  in  the  stomach  or  intes- 
tine. It  is  quite  possible,  however,  in  spite  of  such  negative 
findings,  that  the  ester  might  be  formed  slowly  and  be  absorbed 
practically  as  fast  as  formed. 

Experiment  3. — A  dog  was  fed  bread  and  milk  containing  10 
cc.  of  sesame  oil  in  which  1.25  gm.  of  cholesterol  oleate  had  been 
dissolved.  After  killing  the  animal  3  hours  later,  at  which 
time  the  mesenteric  lymphatics  were  white  and  prominent,  the 
gastric  and  intestinal  contents  were  analyzed.  The  stomach 
contained  a  considerable  amount  of  imdigested  bread  mixed 
with  drops  of  oil.  An  unweighed  portion  of  this  was  extracted 
and  analyzed.  Only  about  5  cc.  of  a  thick,  bile-stained  fluid 
could  be  obtained  from  the  small  intestine;  this  was  extracted. 
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Stomach.  '^' 

Free 0.0139 

Combined 0.0256        F  :  T^ 35 

Intestine. 

Free 0.0300 

Combined 0.0077       F  :  T 82 

*  ^:  T  denotes  the  ratio  of  free  cholesterol  to  total    cholesterol  on  a 
percentage  basis. 

These  figures  seem  to  indicate  that  hydrolysis  of  the  ester 
takes  place  in  the  intestine.  In  view  of  experiments  to  be  de- 
scribed later,  however,  this  interpretation  is  not  so  probable, 
and  it  is  well  to  note  that  if  there  were  a  selective  absorption  of 
the  esters  from  the  intestine,  the  result  would  be  the  same.  Pos- 
sibly only  a  part  of  the  meal  had  reached  the  intestine,  for  while 
the  whole  of  the  intestinal  contents  was  analyzed,  the  total 
cholesterol  amounting  only  to  some  0.04  gm.,  only  a  part,  prob- 
ably less  than  one-tenth,  of  the  stomach  contents  was  used,  so 
that  there  was  present  in  the  stomach  perhaps  0.5  gm.  of  choles- 
terol. Since  a  considerable  part  of  the  cholesterol  present  in 
the  intestine  must  have  come  from  the  bile,  evidently  there  was 
too  Uttle  ingested  cholesterol  present  to  warrant  any  definite 
conclusions  from  this  experiment. 

By  studying  the  absorption  of  cholesterol  through  the  thoracic 
duct  after  experimentally  diverting  a  single  secretion,  such  as 
bile  or  pancreatic  juice,  from  the  intestine,  it  was  hoped  to  gain 
an  insight  into  the  part  played  by  such  enzymes  in  the  process. 

Experiment  4- — Inmiediately  after  feeding  a  dog  a  small  piece 
of  meat,  the  animal  was  etherized,  a  thoracic  duct  fistula  produced, 
and  a  sample  of  chyle  collected.  Then,  through  a  laparotomy 
incision,  10  cc.  of  a  solution  of  egg  white,  containing  a  small 
amount  of  dilute  hydrochloric  acid,  were  injected  by  means  of  a 
large  hypodermic  needle,  directly  into  the  duodenum.  It  was 
hoped  in  this  way  to  start  the  normal  digestive  secretions  into 
the  intestine.  This  injection  was  followed  by  10  cc.  of  cotton- 
seed oil,  containing  2  gm.  of  cholesterol  oleate,  given  in  the  same 
way.  The  dog  recovered  promptly  from  the  ether.  After  2 
hours  chyle  was  obtained  which  was  only  moderately  cloudy, 
and  200  cc.  of  milk  were  given  the  dog.  In  2  hours  more  chyle 
which  was  very  milky  was  collected  and  analyzed. 
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Free. 

Combined. 

F:T. 

per  ctrU 

per  ctnt 

11 .00  a.m.    Thoracic  duct  fistula  completed. 

Chyle  collected 

0.022 

0.038 

36 

1 1 .30     "      Oil  injected  into  intestine. 

1.30  p.m.    Chyle     collected,     moderately 

milky.    Fed  200  cc.  of  milk. 

3.30     "      Chyle  collected,  very  milky. 

5.30      "             "         "             "         "      

0.065 

0.185 

26 

That  gastric  digestion  is  not  an  essential  feature  in  the  absorp- 
tion of  cholesterol  is  shown  by  the  results  of  this  experiment. 
Perfectly  normal,  if  somewhat  delayed,  absorption  took  place 
when  the  solution  of  cholesterol  in  oil  was  injected  directly  into 
the  duodenum.  The  delay  probably  resulted  from  a  failure  of 
the  hydrochloric  acid  injection  to  bring  about  the  pancreatic 
secretion,  so  that  only  after  starting  the  normal  sequence  by 
feeding  a  Uttle  milk  was  the  intestinal  digestion  properly  started. 

In  the  experiments  now  to  be  described,  in  which  the  bile  was 
excluded  from  the  intestine,  the  same  general  plan  was  followed 
in  each  case.  The  common  bile  duct  of  the  dog  was  ligated, 
under  ether,  the  gall  bladder  was  brought  up  into  the  woimd, 
a  rubber  tube,  with  a  projection  on  its  inner  end  formed  by  roll- 
ing it  back  upon  itself,  was  fastened  into  the  gall  bladder  by  a 
purse  string  suture,  and  thie  wound  was  closed.  Bile  was  re- 
moved three  or  four  times  a  day  through  this  cannula;  at  other 
times  it  was  closed  by  means  of  a  small  clamp  and  protected  by 
a  close  fitting  oilcloth  coat.  In  two  instances  the  dogs  became 
somewhat  jaundiced  on  the  following  day,  once  due  to  hemor- 
rhage into  the  gall  bladder,  with  subsequent  clotting  and  occlu- 
sion of  the  cystic  duct;  the  cause  for  the  other  was  not  deter- 
mined. Thoracic  duct  fistulas  were  made  on  the  2nd  day  after 
the  biliary  fistulas  in  order  to  give  time  for  the  bile  present  in 
the  intestine  to  be  eliminated  as  far  as  possible.  Feces  passed 
by  the  dogs  during  the  course  of  the  experiment  were  clay-colored, 
indicating  the  absence  of  bile. 


468 


Cholesterol  Absorption 


Experiment  5. 


Dec.  30.    Biliary  fistula  made. 
Jan.  1. 
1 1 .30  a.m.    Thoracic  duct  fistula  completed. 

Chyle  taken 

1.30  p.m.    Chyle  taken.    Fed  small   piece 

of  meat. 
1.45     "       Fed  four  raw  eggs. 

5.00     "       Chyle  taken,  very  milky 

6.00     "  "       "         "         "      

Experiment  6, 

lade. 

ila  completed. 

rs. 
milky 

Experiment  7. 

Jan.  29.     Biliary  fistula  made. 
"    30.     Dog    jaundiced    (gall    bladder 
contained  clotted  blood). 
Feb.  1. 
11.00  a.m.    Thoracic  duct  fistula  completed. 

Chyle  taken 

12.00     "       Fed   small    piece  of  meat  and 

three  raw  eggs. 
4.00  p.m.    Chyle  taken,  milky 

Experiment  8. 


Free. 

Combined. 

per  cent 

per  cent 

0.021 

0.028 

0.056 

0.038 

0.058 

0.037 

F:T. 


43 


60 
61 


Jan.  17. 

Biliary   fistula  made. 

1 

"    19. 

11.15  a.m. 

Thoracic  duct  fistula  completed. 

Chyle  taken 

0.020 

0.037 

35 

5.15  p.m. 

Fed  three  raw  eggs. 

8.15     " 

Chyle  taken,  very  milky 

0.054 

0.050 

52 

9.15     " 

«             it                u                u 

0.050 

0.037 

57 

46 


45 


Mar.  4. 
"      6. 
12.00  m. 
2.15  p.m. 
5.15     " 

Biliary  fistula  made. 

Thoracic  duct  fistula  completed. 
Chyle    taken.     Fed    four    eggs. 
Chyle  collected,  milky 

0.022 
0.034 
0.035 

0.045 
0.065 
0.042 

33 
34 

6.15     " 

it                       U                               it 

45 
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Experiment  9. 

Free. 

Combined. 

F  :T. 

June  6.      Biliary  fistula  made. 
"     8. 
11.30  a.m.    Thoracic      fistula      completed. 
Chvle  taken 

per  cmt 

0.047 

0.045 
O.OM 
0.050 

per  cent 

0.058 

0.058 
0.060 
0.055 

44 

2.00  p.m.    Chyle  taken.    Given  200  cc.  of 

milk  and  three  eggs » . . 

5.30     "       Chyle  taken,  very  milky 

8.15     "            "         "         "         "       

44 
47 

48 

Experiment  10. 


June  10. 

"     12. 

10.00  a.m. 

Biliary  fistula  made. 

Thoracic  duct  fistula  completed. 

2.30  p.m. 

Given  200  cc.  of  milk.    Chyle 

collected 

0.057 

0.094 

38 

Fed  1.5  gm.  of  cholesterol  oleate 

in  10  cc.  of  olive  oil  and  200  cc. 

of  water. 

8.45     " 

Chyle    collected,    quite    milky.. 

Fed  100  cc.  of  milk  and  then 
1.'5  gm.  of  cholesterol  oleate  in 
10  cc.  of  cottonseed  oil  and  200 
cc.  of  water,  plus 3  gm.  of  dried 
ox  bile. 

0.073 

0.087 

46 

11^     " 

Chyle  collected,  quite  milky 

0.063 

O.OdS 

41 

Experiment  11. 


June  12. 

"      14. 

10.00  a.m. 

Biliarv'  fistula  made. 

m 

Thoracic  duct  fistula  completed. 

1.00  p.m. 

Chyle  taken.       Fed  1    gm.    of 
cholesterol  in  10  cc.  of  cotton- 

seed oil  and  200  cc.  of  milk 

0.038 

0.066 

36 

5.00     " 

Chyle  taken.    Fed  150  cc.  of  milk 
and  then  1  gm.  of  cholesterol 
in  10  cc.  of  cottonseed  oil  and 
200  cc.  of  water,  plus  1  gm.  of 

sodium  taurocholate  (Merck).. 

0.041 

0.065 

39 

9.00     " 

Chyle  taken,  quite  milky 

0.057 

0.063 

48 

June  15. 

10.00  a.m. 

U                  U                  U                  it 

0.062 

0.063 

43 
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The  bile  apparently  has  a  rather  important  function  in  con- 
nection with  cholesterol  absorption.  Rothschild  states'  that 
after  tying  the  common  bile  duct  in  dogs  no  cholesterol  is  ab- 
sorbed. This  evidently  does  not  hold  strictly.  It  each  case 
there  is  a  rise  in  the  total  cholesterol  after  feeding.  This  rise  is 
small  in  some  cases,  and  quite  pronoimced  in  others,  but  in  no 
case  is  it  so  pronoimced  as  that  obtained  in  normal  dogs.  It  does 
not  depend  upon  the  amount  of  fatty  material  absorbed,  for  in 
all  cases,  after  feeding,  chyle  was  obtained  which  was  quite  milky, 
the  alcohol-ether  extracts  of  which  left  a  considerable  amount  of 
oily  material  after  evaporation. 

It  has  been  suggested  that  bile  aids  the  absorption  of  neutral 
fats  by  the  reaction  of  the  bile  acids  with  the  fatty  acids,  and  in 
this  way  makes  possible  the  entrance  of  the  water-insoluble  fatty 
substance  into  the  cells  of  the  mucosa.  Cholesterol  is  also  held 
in  solution  by  bile  acids,  and  its  absorption  may  be  facihtated 
in  a  similar  manner. 

The  other  noticeable  fact  brought  out  by  the  experiments 
is  the  relative  increase  in  free  cholesterol  absorbed.  In  each 
case  the  percentage  of  free  to  total  cholesterol  was  above  that 
found  normally  after  feeding.  This  figure  seems  to  vary  nor- 
mally between  perhaps  25  and  35  per  cent,  while  in  the  biUary 
fistula  animals  it  was  between  39  and  61  per  cent.  The  signifi- 
cance of  this  variation  is  not  evident. 

•  Normal  absorption  was  not  produced  by  the  addition  of  bile 
or  sodium  taurocholate  to  the  diet. 

The  experiments  in  which  the  pancreatic  juice  was  excluded 
from  the  intestine  were  planned  in  the  same  way,  allowing  at 
least  2  days  after  the  first  operation  for  the  dog  to  recover  as 
far  as  possible.  Under  ether,  the  two  pancreatic  ducts  were 
Ugated  and  cut,  and  the  pancreas  itself,  while  left  in  aitUf  was 
separated  from  the  intestine  throughout  its  entire  coiu^se,  except 
for  the  larger  blood  vessels.  In  this  way,  it  was  beUeved,  only 
the  intestinal  secretion  would  be  eUminated,  while  the  far  reach- 
ing disturbances  in  carbohydrate  ihetaboUsm,  incident  upon  a 
complete  removal  of  the  pancreas,  would  be  obviated.  All  the 
dogs  recovered  rapidly  from  the  first  operation,  and  were  appar- 
ently in  good  condition  when  the  thoracic  duct  fistulas  were  done. 

«  Rothschild,  M.  A.,  Proc.  N.  Y.  Path.  Soc,  1914,  xiv,  229. 
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Experiment  It. 


Mav  23. 

"   27. 
11.00  a.m. 

2.00  p.m. 

4.30  " 
6.00  " 
8.00     " 


Pancreatic    ducts    ligated    and 
cut. 

Thoracic  duct  fistula  completed. 

Chyle  taken 

Chyle   taken.    Fed   200   cc.    of 

milk  and  two  eggs. 

Chyle  taken 

«         « 


Free. 

Combined. 

per  cent 

per  ctrU 

0.050 

0.085 

0.051 

0.074 

0.058 

0.077 

0.058 

0.080 

F :  T. 


37 


41 
43 
42 


Experiment  IS. 
Pancreatic  ducts  ligated  and  cut. 

Thoracic  duct  fistula  completed. 
Chyle  taken 

Chyle  taken.  Fed  2  gm.  of 
cholesterol  oleate  in  10  cc.  of 
olive  oil  and  the  white  of  an 
egg  in  150  cc.  of  water. 

Chyle  taken,  milky 

«  u  « 

«  ti  l< 


May  24. 
"  27. 
12.00  m. 

2.00  p.m. 


4.30  " 
6.00  " 
8.30     " 


• 

0.047 

• 

0.084 

0.047 

0.075 

0.053 

0.077 

0.057 

0.074 

36 


39 
41 
43 


Experiment  14. 


May  29. 

Pancreatic    ducts    ligated    and 
cut. 

June  1. 

12.00  m. 

Thoracic  duct  fistula  completed. 
Chyle  taken. 

• 

2.45  p.m. 

Chyle    taken.      Fed  150  cc.  of 
milk  and  then  2  gm.  of  choles- 
terol oleate  in  10  cc.  of  olive  oil, 
in  150  cc.  of  water  containing 

the  white  of  an  egg 

0.050 

0.104 

33 

5.00     " 

Chyle  taken 

0.045 

0.082 

36 

8.15     " 

"          "       quite  milky 

0.057 

0.083 

41 
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Absence  of  the  pancreatic  juice  seems  to  diminish  the  absorp- 
tion of  cholesterol  very  greatly.  There  is  a  slight  increase  in 
the  free  cholesterol  after  eating,  but  the  cholesterol  esters  seem 
to  decrease  to  some  extent.  The  total  cholesterol  present  re- 
mains nearly  constant,  but  the  ratio  of  free  to  total  cholesterol 
rises  somewhat.  Here  again,  as  in  the  case  of  the  bile  experiments, 
the  decreased  absorption  cannot  be  due  entirely  to  the  absence 
of  other  Upoids  in  the  chyle,  for  some  of  the  samples  at  least 
were  quite  milky,  although  none  contained  as  much  fat  as  is 
present  in  normal  digestion. 

It  seems  evident  that  the  pancreatic  juice,  and  to  a  less  extent 
the  bile,  exert  an  important  influence  on  the  absorption  of  choles- 
terol. If  there  could  be  demonstrated  either  a  well  marked 
hydrolytic  action  upon  cholesterol  esters,  or  an  esterification  of 
free  cholesterol  by  one  of  the  intestinal  enzymes,  it  might  help 
clear  the  situation.  Experiments  with  this  probability  in  view 
were  undertaken  with  pancreatic  extract,  as  well  as  with  the  in- 
testinal mucosa  of  the  dog.  In  the  case  of  the  pancreas,  the  or- 
gan was  put  through  a  meat  chopper,  and  two  or  three  parts  of 
50  per  cent  glycerol  were  added,  to  prevent  as  far  as  possible  the 
activation  of  trypsin  with  the  possible  destruction  of  a  lipase 
or  "cholesterase."  This  suspension  of  hashed  gland  in  dilute 
glycerol  was  used  without  filtering.  The  intestinal  mucosa, 
after  being  scraped  from  the  small  intestine,  was  suspended  in 
four  parts  of  water.  Since  both  cholesterol  and  cholesterol 
oleate  are  insoluble  in  aqueous  media  and  solid  at  incubator 
temperature,  a  solution  in  sesame  oil  was  used.  This  not  only 
enabled  the  cholesterol  to  be  presented  to  the  enzyme  action  in 
a  finely  divided  form,  but  also  furnished  an  indication  of  ordinary 
Upase  activity  from  the  amount  of  fatty  acid  set  free,  which  was 
estimated  by  titration. 

For  most  of  the  experiments,  four  equal  portions  of  3  to  5 
gm.  of  the  ground  pancreas  or  intestinal  mucosa  were  taken, 
glycerol  or  water  added  to  each,  and  then  to  each  of  one  pair  a 
small  amount  of  sesame  oil  containing  some  free  cholesterol, 
and  to  each  of  the  other  pair,  some  sesame  oil  containing  choles- 
terol oleate,  and,  in  some  cases,  1  cc.  of  dog  bile,  were  added. 
One  of  each  pair  was  then  mixed  with  alcohol-ether,  and  the 
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other,  after  the  addition  of  a  few  drops  of  toluene,  incubated  from 
1  to  6  days,  with  occasional  shaking,  and  then  extracted  with 
alcohol-ether  and  boiling  alcohol.  The  ether  extract  finally 
obtained  was  divided  into  two  parts  as  usual,  and  the  part  in- 
tended for  determination  of  total  cholesterol  was  first  titrated 
in  alcohol  solution  with  alcohoUc  KOH.  In  each  case,  as  will 
be  seen,  there  was  quite  a  marked  increase  in  fatty  acids,  an 
evidence  of  good  lipase  action.  If  the  neutral  fat-sphtting  en- 
zymes could  also  split  cholesterol  esters,  such  action  should  be 
apparent  here.  On  the  other  hand,  with  the  gradual  formation 
of  fatty  acids,  there  was  abundant  opportunity  for  esterification 
of  the  free  cholesterol,  if  such  a  process  could  take  place  under 
these  conditions. 


Experiment  16.  Pancreas  plus  Bile. — ^5  gm.  portions  of  pancreas  were 
used,  and  0.4  cc.  of  sesame  oil  with,  respectively,  0.01  and  0.013  gm.  of 
cholesterol  and  cholesterol  oleate.    Incubated  24  hours. 


F:  T. 


Free  cholesterol  0.01  gm.,  fresh 

0.01    "   incubated.... 

Cholesterol  oleate  0.013  gm.,  fresh 

0.013   ''    incubated. 


it 


u 


Titration. 

ChoIesteroL 

Free. 

Combined. 

cc. 

3.0 

14.0 

3.9 

3.7 

0.0115 
0.0042 
0.0074 
0.0015 

QVH, 

0.0007 
0.0042 
0.0047 
0.0017 

50 
61 
47 


Experiment  16.  Pancreas  plus  Bile. — 5  gm.  portions  of  pancreas  were 
used,  and  to  each  of  one  pair  was  added  0.02  gm.  of  cholesterol  in  0.8  cc. 
of  sesame  oil,  and  to  the  other  about  0.01  gm.  of  cholesterol  oleate  in 
1.0  cc.  of  sesame  oil.    Incubated  24  hours. 


Cholesterol. 

Titration. 

F:  T. 

Free. 

Combined. 

ee. 

QHt. 

gm. 

Free  cholesterol  0.02  gm.,  fresh 

3.8 

0.0212 

0.0006 

97 

0.02     "    incubated... 

14.8 

0.0104 

0.0102 

50 

Cholesterol  oleate  0.04  gm.,  fresh 

3.5 

0.0062 

0.0058 

52 

"      0.04    "     incubated. 

17.0 

0.0032 

0.0100 

24 

474 


Cholesterol  Absorption 


Experiment  17.  Pancreas  plus  Bile. —A  gm.  portions  were  used,  and 
to  each  of  one  pair  was  added  0.02  gm.  of  cholesterol  in  0.8  cc.  of  sesame 
oil,  and  to  the  other,  0.03  gm.  of  cholesterol  oleate  in  0.8  cc.  of  sesame  oil. 
Incubated  6  days. 


Titration. 

CholesteroL 

F:T. 

Free. 

Combined. 

Free  cholesterol  0.02  gm.,  fresh 

0.02    "    incubated... 

Cholesterol  oleate  0.03  gm.,  fresh 

"              "      0.03     "    incubated. 

ee. 

Lost. 

10.0 

Lost. 
10.8 

fftn. 

0.0282 
0.0165 
0.0123 
0.0090 

fftn. 

0.0008 
0.0120 
0.0136 
0.0131 

97 

58 
47 

41 

Experiment  18.  Pancreas  Alone. — 4  gm.  portions  of  pancreas  were 
used.  To  each  was  added  0.02  gm.  of  cholesterol  in  0.08  cc.  of  sesame 
oil.    Incubated  24  hours. 


Free  cholesterol  0.02  gm.,  fresh 

0.02    "    incubated 


« 


Titration. 

Cholesterol. 

Free. 

Combined. 

ce. 
4.6 

13.4 

Qtn. 

0.0270 
0.0210 

fftn. 

0.0000 
0.0109 

F:T. 


100 

66 


Experiment  19.  Intestinal  Mucosa  plus  Bile. — 5  gm.  portions  were 
used.  To  each  was  added  1  cc.  of  dog  bile,  and  to  each  of  one  pair,  a  solu- 
tion of  0.02  gm.  of  cholesterol  in  0.8  cc.  of  sesame  oil,  and  to  each  of  the 
other  two,  0.03  gm.  of  cholesterol  oleate  in  sesame  oil.  Incubated  24 
hours. 


4             ■     ■ 

Titration. 

Cholesterol. 

F:T. 

Free. 

Combined. 

Free  cholesterol  0.02  gm.,  fresh 

0.02    "    incubated... 
Cholesterol  oleate  0.03  gm.,  fresh 

"  0.03     "    incubated. 

ce. 

1.0 
13.2 

1.0 
11.4 

Qtn, 

0.0284 
0.0270 
0.0136 
0.0130 

gm. 
0.0022 

0.0030 
0.0162 
0.0142 

93 
90 
47 

48 

In  none  of  these  exp>eriments  was  there  any  indication  of  a  hy- 
drolytic  effect  on  the  cholesterol  oleate,  in  spite  of  the  Upase 
action  which  occurred.  On  the  other  hand,  in  all  experiments 
in  which  the  pancreas  was  used,  a  rather  striking  esterification 
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of  the  free  cholesterol  occurred.  This  was  greatest  in  the  experi^ 
ments  in  which  bile  was  used,  but  perfectly  definite,  also,  in  the 
fourth,  in  which  there  was  only  pancreas.  In  Experiment  1, 
the  decreased  amount  of  cholesterol  foimd  in  the  incubated 
samples  is  doubtless  due  to  incomplete  extraction.  In  the  experi- 
ment with  intestinal  mucosa,  there  was  no  change  demonstrable 
in  either  the  free  cholesterol  or  the  oleate. 

A  sjTithetic  action  of  this  kind  is  not  the  rule  for  enzymes.  True, 
a  reversible  eflfect  can  usually  be  demonstrated  for  most  enzymes 
when  conditions  are  carefully  controlled.  Here,  however,  the 
reaction  apparently  does  not  reach  an  equilibrium  unless  the 
greater  part  of  the  cholesterol  has  been  esterified,  since  the  sam- 
ples to  which  cholesterol  oleate  had  been  added,  and  which 
contained  only  a  relatively  small  amount  of  free  cholesterol, 
also  gave  evidence  of  an  esterification.  On  the  other  hand, 
since  an  enzyme  is  a  catalytic  agent  which  hastens  a  reaction 
that  would  take  place  slowly  under  ordinary  conditions,  it  is  not 
so  imlikely  that  this  should  be  a  true  enzyme  action.  Free 
cholesterol,  as  is  well  known,  possesses  strong  inhibiting  powers 
toward  hemolytic  substances  of  various  kinds.  It  is  not  impos- 
sible that  one  of  its  functions  is  to  combine  with  and  render  non- 
toxic, fatty  acids  which  may  become  Uberated  in  the  body.  Ap- 
parently it  will  combine  very  slowly  with  fatty  acids  set  free  in 
the  brain  after  death.*-  ^®  A  raw  egg  mixed  with  water,  and 
allowed  to  autolyze  with  tricresol  and  toluene  for  6  months 
showed  only  62  per  cent  of  its  total  cholesterol  to  be  free,  as 
against  about  90  per  cent  at  the  beginning.  Seemingly  there  is 
a  tendency  for  free  cholesterol  to  unite  slowly  with  fatty  acids 
to  form  esters.  If  is  quite  conceivable  that  a  body  enzyme 
should  hasten  such  a  synthesis. 

It  is,  of  course,  absolutely  essential  to  show  that  this  esterifi- 
cation did  not  take  place  during  the  extraction  and  analysis, 
from  heating.  The  esters  are  prepared  artificially  by  heating 
together  the  cholesterol  and  an  excess  of  fatty  acid  to  200°. 
Possibly  the  evaporation  on  the  water  bath  might  have  been 
enough  to  cause  the  change.  Fortunately,  the  intestinal  mucosa 
experiment,  run  parallel  with  those  of  the  pancreas,  acts  as  an 

•  Mair,  W.,  J.  Path,  and  BacL,  1913-14,  xviii,  179. 
>®  Lapworth,  A.,  and  Royle,  F.  A.,  /.  Path,  and  BacL,  1914-15,  xix,  474. 
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excellent  control.  In  addition,  the  effect  of  evaporating  a  mix- 
ture of  oil,  fatty  acid,  and  free  cholesterol  on  the  water  bath  was 
tried.  About  0.01  gm.  of  cholesterol,  0.4  cc.  of  sesame  oil,  and 
0.4  cc.  of  fatty  acid  from  saponification  of  sesame  oil  were  mixed 
with  about  25  cc.  of  alcohol  and  1  or  2  cc.  of  water,  and  evaporated 
down  on  a  water  bath.  The  process  was  then  repeated  and  the 
residue  allowed  to  heat  for  several  minutes  to  100®  after  the 
water  and  alcohol  had  evaporated.  Analysis  of  this  mixture 
and  of  a  duplicate  unheated  mixture  showed  0.0130  gm.  of  free 
cholesterol  before  heating,  and  0.0131  gm.  after  heating.  In 
other  words,  no  esters  had  been  formed. 

As  a  further  precaution  to  prevent  any  possibiUty  of  the  esteri- 
fication  taking  place  from  heating,  the  extraction  of  Experiments 
3  and  4  was  carried  out  with  as  Uttle  heating  as  possible,  the 
extracts  concentrated  at  room  temperature  before  an  electric 
fan,  taken  up  in  water,  extracted  by  ether,  the  ether  evaporated 
until  the  temperature  rose  to  45-50**,  and  then  the  fatty  acids 
present  accurately  neutraUzed  with  alcohoUc  KOH,  using  phenol- 
phthalein  as  indicator.  The  solution,  after  diluting  with  water, 
was  again  extracted  with  ether,  and  this  solution,  free  from  fatty 
acids,  was  analyzed  as  usual.  No  diflference  in  results  is  appar- 
ent between  these  two  experiments  and  the  others. 

From  these  experiments  it  seems  fair  to  conclude  that  there 
is  in  the  pancreas  son^e  substance  which  accelerates  the  formation 
of  cholesterol  esters  and  that  possibly  the  bile  increases  this 
effect.  It  may  well  be  that  this  action  of  the  pancreas  is  of  fun- 
damental importance  in  the  absorption  of  cholesterol  and  that 
here  is  to  be  found  the  explanation  for  the  failure  of  cholesterol 
to  be  absorbed  into  the  chyle  after  Ugatidn  of  the  pancreatic 
duets. 

Influence  of  the  Intestinal  Mucosa  on  Cholesterol  Absorption, 

In  order  to  study  the  possible  effect  of  the  intestinal  mucosa 
on  the  absori)tion  of  cholesterol,  two  methods  were*  utiUzed. 
The  first,  an  experiment  in  vitro  with  ground  mucosa,  already 
described,  gave  no  evidence  of  any  activity.  The  second  was 
quite  definite  in  its  results.  Portions  of  intestinal  mucosa  were 
analyzed  durinp;  fasting  of  24  hours'  duration,  and  during  the 
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active  absorption  of  cholesterol  or  its  esters.  It  was  thought 
that  with  the  rather  considerable  amount  of  fat  present  in  the 
cells  and  lymph  spaces  of  the  mucosa,  enough  absorbed  cholesterol 
might  be  present  to  be  recognizable  on  analysis.  In  such  experi- 
ments, digestion  was  allowed  to  proceed  for  3  hours,  and  then  the 
dogs  were  quickly  killed  by  an  intravenous  injection  of  chloro- 
form, the  intestine  was  removed,  opened,  and  washed  as  free  as  pos- 
sible from  adherent  bile-stained  mucus,  and  the  mucosa  scraped 
off  with  a  dull  knife.  In  the  same  way  the  material  was  obtained 
from  dogs  which  had  first  been  fasted  for  24  hours. 

The  mucosa  used  for  analysis  was  not  carefully  weighed  out, 
and  the  figures  are  therefore  given  in  grams  of  cholesterol  found, 
rather  than  in  percentage,  and  represent  portions  of  mucosa 
of  about  5  gm.  weight. 


Duodenum. 

Jejunum. 

Colon. 

Free. 

Ester. 

C:T. 

Free. 

Ester. 

C:T. 

Free. 

Ester. 

• 

C:T. 

gm. 

gm. 

gm. 

gm. 

gm. 

gm. 

24  hrs.  fasting 

0.0109* 

None. 

24     "         "      

0.0092* 

0.0006 

6 

24     "         "     

0.0131 

None. 

— 

0.0098 

None. 

— 

0.0116 

0.0006 

4.9 

Fed  three  eggs 

0.0101 

0.0021 

17 

Fed  300  cc.  of  milk 

with   2  gm.     of 

cholesterol  in  8  cc. 

of  cottonseed  oil. 

0.0111 

0.0017 

13 

Fed  three  eggs 

0.0194 

0.0061 

24 

0.0215 

0.0064 

23 

0.0131 

0.0014 

9.7 

Fed  two  eggs 

0.0079 

0.0014 

15 

0.0105 

0.0012 

10 

0.0071 

0.0002 

2.7 

*  A  mixture  of  duodenum  and  jejunum  mucosa  analyzed. 


In  all  the  dogs  which  had  been  fasted,  as  well  as  in  the  mucosa 
of  the  large  intestine  of  the  others,  there  is  comparatively  little 
combined  cholesterol,  in  some  cases  none,  and  in  the  others  very 
little.  On  the  other  hand,  the  mucosa  of  the  small  intestine  of 
all  the  dogs  which  had  been  fed  showed  considerably  more  choles- 
terol, the  amounts  ranging  from  10  to  23  per  cent  of  the  total. 

Evidently  the  cholesterol  which  is  absorbed  from  the  intestine 
has  already  been  largely  esterified  by  the  time  it  reaches,  or  at 
least  l>efore  it  leaves,  the  lymphatics  of  the  intestinal  mucosa. 
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This  fact  of  itself  does  not  show  whether  the  esters  were  formed 
in  the  intestinal  canal  and  absorbed  as  such,  or  whether  they  were 
synthesized  by  the  cells  of  the  intestinal  mucosa.  Taken  in 
connection  with  the  work  in  vitro  on  the  pancreas  and  intestinal 
mucosa,  however,  it  seems  very  probable  that  the  change  takes 
place  slowly  in  the  intestine,  and  that  an  absorption  of  the  esters 
takes  place  as  rapidly  as  they  are  formed. 

No  striking  difference  in  the  direction  of  a  higher  percentage  of 
free  cholesterol  is  apparent  in  these  experiments  in  which  choles- 
terol was  fed.  Such  an  increase,  if  it  existed,  could  not  be  recog- 
nized with  any  certainty  even  by  the  average  results  of  a  consider- 
able niunber  of  experiments,  for  it  evidently  could  not  be  very 
great,  and  there  seems  to  be  considerable  individual  variation 
in  the  normal  cholesterol  content  of  the  intestinal  mucosa. 

Ivfiuence  of  the  Mesenteric  Lymph  Nodes  an  Cholesterol  Absorption. 

No  patisfactory  experiment  could  be  devised  to  show  a  possible 
effect  of  the  mesenteric  Ijonph  nodes  on  the  absorbed  cholesterol. 
It  was  first  attempted  to  destroy  the  lymphoid  tissue  of  the  body 
by  massive  doses  of  x-ray.  A  rather  small  dog  was  exposed  to 
the  rays  for  about  half  an  hour  each  day  for  5  successive  days, 
during  which  time  the  small  lymphocytes  in  the  blood  fell  from 
26  to  3  per  cent.^^  A  thoracic  duct  fistula  was  then  made,  and 
an  analysis  of  the  chyle  obtained  before  and  after  feeding  eggs 
showed  a  perfectly  normal  absorption.  After  completing  the 
experiment  the  dog  was  killed,  and  the  mesenteric  lymph  nodes, 
the  thjonus,  and  the  spleen  were  examined.  The  th3mius  was 
extremely  atrophic,  although  the  dog  was  quite  young.  The  spleen 
was  rather  small  and  firm,  but  lymphoid  follicles  were  visible  in 
the  gross.  The  lymph  nodes  were  normal  in  the  gross,  but  micro- 
scopically the  germinal  centers  were  somewhat  small,  and  the 
pulp  seemed  to  contain  much  less  than  the  usual  number  of 
lymphoid  cells.  But  the  destruction  was  by  no  means  sufficient 
to  make  it  unlikely  that  they  would  exercise  a  normal  function 
on  the  fat  and  lipoids  passing  through  them  in  the  chyle. 

An  attempt  to  demonstrate  the  presence  of  an  enzyme  in  the 
gland  by  a  technique  similar  to  that  used  in  the  case  of  the  pan- 

"   I  am  iricicbted  to  Dr.  M.  J.  Sittenfield  for  raying  the  animal  for  me. 
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creas  and  the  intestinal  mucosa  also  gave  negative  results.  Fatty 
acids  were  produced  by  the  lipase  of  the  glands,  and  the  experi- 
ments may  thus  also  serve  as  controls  on  the  earlier  experiments 
with  pancreas. 


Free  cholesterol,  fresh 

incubated.. 

Cholesterol  oleate,  fresh 

"       incubated 


Titration. 

Free. 

Combined. 

cc. 

fftn. 

gm. 

0.9 

0.0163 

0.0002 

5.0 

0.0136 

0.0006 

0.5 

0.0047 

0.0037 

1.3 

0.0036 

0.0028 

F:T. 


99 
96 
56 
56 


In  none  of  the  experiments  is  there  any  indication  either  of  a 
saponification  of  the  esters,  or  of  an  esterification  of  the  free 
cholesterol.  The  lower  values  found  in  the  fourth  are  doubtless 
due  to  incomplete  extraction,  for  here  again  it  was  attempted  to 
avoid  an  accidental  esterification  of  cholesterol  through  heating 
with  the  fatty  acids  formed,  by  the  procedure  previously  de- 
scribed of  extracting  with  no  more  heat  than  necessary,  and  sub- 
sequently evaporating  before  an  electric  fan,  instead  of  distill- 
ing, and  neutraUzing  the  fatty  acids  present. 


DISCUSSION. 

Of  the  experimental  data  here  presented  there  are  only  a  few 
facts  which  stand  out  as  definite.  First,  the  bile,  and  even  to  a 
greater  extent  the  pancreatic  secretions,  seem  intimately  con- 
nected with  cholesterol  absorption,  indeed  to  a  degree  somewhat 
out  of  proportion  to  their  influence  on  neutral  fat  absorption. 
By  experiments  in  vitro  it  was  shown  that  free  cholesterol,  in  the 
presence  of  fatty  acids  and  a  suspension  of  pancreas,  undergoes 
esterification,  and  from  control  experiments  it  seems  most  likely 
that  this  is  a  real  action  by  the  pancreas.  In  such  experiments 
the  addition  of  a  little  bile  seems  to  make  the  change  somewhat 
greater,  but  not  enough  experiments  of  this  kind  were  done  to 
make  any  generaUzations. 

By  analysis  of  the  intestinal  mucosa  during  starvation  and 
after  feeding  it  was  shown  that  an  esterification  of  at  least  a 
large  part  of  the  absorbed  cholesterol  had  already  taken  place. 
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Since  no  effect  of  the  mucosa  could  be  demonstrated  in  vitro, 
it  is  at  least  possible  that  the  esterification  may  take  plac€  in 
the  lumen  of  the  intestine  under  the  influence  of  the  pancreatic 
juice,  and  that  the  esters  may  be  absorbed  as  rapidly  as  formed. 

Again,  no  evidence  that  the  mesenteric  lymph  nodes  take 
any  part  in  cholesterol  absorption  could  be  obtained.  The  evi- 
dence of  their  part  in  neutral  fat  absorption  is,  as  far  as  I  am 
aware,  based  on  morphology  and  differential  fat  staining,  although 
lymphoid  tissue  undoubtedly  contains  an  active  lipase. 

One  fact  which  stands  out  prominently  is  the  resistance  of 
cholesterol  esters  to  saponification  by  ordinary  active  lipases. 
In  no  case  has  there  been  the  slightest  evidence  of  splitting, 
although  neutral  fat  in  the  same  mixture  was  easily  saponified. 

Taken  altogether  the  data  here  presented  by  no  means  ex- 
plain the  whole  process  of  cholesterol  absorption.  The  peculiar 
effect  of  the  bile  in  altering  the  proportion  of  free  cholesterol 
absorbed  is  entirely  unexplained.  More  important  yet,  while 
the  origin  of  the  cholesterol  esters  seen  in  the  ch34e  of  normal 
animals  after  feeding  cholesterol-rich  meals  has  been  at  least  in 
part  explained,  the  increase  in  free  cholesterol  and  the  mechan- 
ism which  regulates  the  proportion  of  the  two  and  keeps  it  con- 
stant has  not  been  cleared  up  at  all.  However,  the  inherent 
diflBculties  encountered  in  carrying  out  the  work  make  it  appear 
quite  useless  to  seek  a  more  complete  understanding  of  the 
process  by  means  of  the  methods  at  present  available. 

I  am  indebted  to  Dr.  W.  G.  MacCallum  and  Dr.  A.  M.  Pap- 
penheimer  for  assistance  and  suggestions  in  planning  and  carry- 
ing  out  the  experiments,  and  to  Dr.  L.  B.  Mendel  for  helpful 
criticisms  in  the  preparation  of  the  paper. 
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INTRODUCTION. 

While  controlling  the  influence  of  Knowlton  and  Starling's  extract 
on  the  metabolism  of  depancreatized  dogs,  the  writers  reported  (1)  the 
observation  that  in  a  completely  depancreatized  dog  the  intravenous 
injection  of  150  cc.  of  a  I  per  cent  solution  of  sodium  carbonate  in  Ringer's 
solution  lowered  the  G:  N  ratio  from  3.07  to  0.88  within  less  than  3  hours 
after  the  injection  was  discontinued.  A  glance  at  Table  I,  repeated  from 
the  previous  paper,  shows  that  the  fall  in  the  ratio  began  at  once  but 
within  the  first  2  hours  was  due  to  a  rise  in  the  nitrogen  output.  During 
the  second  2  hours  the  nitrogen  excretion  reached  its  previous  level,  while 
the  sugar  elimination  dropped  from  0.823  to  0.233  gm.  per  hour.  The 
sugar  per  hour  then  began  to  rise,  but  even  after  6  hours  it  had  risen  to 
but  little  more  than  half  of  what  it  was  in  the  period  preceding  the 
injection. 

TABLE  I. 


Total 

Total 

Glu- 

Nitro- 

Vol- 

Date. 

Time. 

glu- 

nitro- 

cose 

Ken 

G:N. 

ume  of 

ooee. 

gen. 

perhr. 

per  hr. 

unno. 

19tS 

Qtn. 

Qtn. 

ffn. 

ffm. 

a. 

Apr.  24 

2.19-4.19  p.m. 

1.647 

0.519 

0.823 

0.269 

3.07 

22 

4.26-5.15     " 

150  cc.  of  l.per  cent  NatCOi  in  Ringer's 
solution  intravenously. 

4.1^6.19     " 

1.647 

0.644 

0.823 

0.322 

2.55 

60 

6.19-8.19     " 

0.466 

0.524 

0.233 

0.262 

0  88 

24 

"     25 

1.19  a.m. 

2.413 

1.475 

0.480 

0.295 

1.62 

90 

A  search  of  the  literature  revealed  the  fact  that  in  1910  Pavy  and  God- 
den  (2)  administered  a  3  per  cent  solution  of  anhydrous  sodium  carbonate 
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to  cats  in  which  they  had  induced  glycosuria  by  the  administration  of 
chloroform,  and  observed  a  fall  in  the  intensity  of  the  glycosuria  within 
15  minutes  after  the  intravenous  injection  was  begun,  the  urine  becoming 
sugar-free  at  the  end  of  30  minutes.  Pavy  and  Bywaters  (3)  had  previously 
found  that  the  postmortem  production  of  sugar  in  the  liver  may  be  virtu- 
ally checked  by  the  influence  of  sodium  carbonate  injected  in  a  5  per  cent 
solution  (and  even  less  strength)  into  the  portal  system  of  the  living  animal. 
On  the  other  hand,  the  addition  of  rising  quantities  of  acetic  acid  to  the 
liver  thus  treated  brought  about  an  increase  in  enzymic  power,  and  hence 
increased  gjycogenolysis,  until  a  certain  optimum  was  reached.  They 
assumed  that  the  inhalation  of  chloroform  produced  a  condition  of  acidosis 
which  led  to  hyperglycogenolysis  and  ultimately  to  glycosuria.  The 
authors  referred  to  seem  to  have  studied  the  subject  no  further.  They 
did  not  attempt  to  show  whether  sodium  carbonate  would  exert  the  same 
effect  in  other  forms  of  glycosuria.  More  recently  Elias  and  Kolb  (4) 
studied  the  influence  of  sodium  carbonate  upon  glycosuria,  hyperglycemia, 
and  upon  sugar  tolerance  in  ' 'hunger  diabetes."  They  conclude  from 
their  observations  that  this  alkali  reduces  the  glycosuria  and  glycemia  by 
influencing  the  intermediary  metabolism  of  carbohydrates  in  the  liver. 

These  facts  clearly  suggest  the  possibility  that  administration 
of  alkaU  to  diabetics  may  be  of  importance  in  more  ways  than 
one.  The  express  object  of  alkaU  therapy  is  control  of  the 
acidosis,  but  it  is  possible  that  in  so  restoring  the  balance  of  ions 
in  the  tissues,  the  glycogenic  functions  and  even  the  combustion 
of  glucose  may  be  assisted.  The  chance  observation  made  while 
controlling  the  eflfect  of  Knowlton  and  Starling's  extract  of 
pancreas  (5)  has  been  followed  up  now  for  more  than  3  years  in 
this  laboratory  and  we  have  accumulated  much  evidence  that 
the  regulation  of  acid  and  basic  radicals  and  possibly  the  regula- 
tion of  the  kations  amongst  themselves  is  an  important  factor 
in  preserving  the  capacity  to  oxidize  glucose.  A  full  discussion 
of  the  bearing  of  these  facts  will  be  deferred  until  the  facts  them- 
selves are  in  evidence. 

In  this  paper  will  be  presented  the  facts  first  developed  in  our 
study  of  the  influence  of  sodium  carbonate  upon  the  metaboUsm 
of  the  dog  after  pancreatectomy,  as  far  as  they  relate  to  urine 
and  blood.  Coincidentally  with  these  observations,  some  pre- 
liminary data  were  obtained  regarding  the  respiratory  metabo- 
lism, but  it  will  be  more  convenient  to  present  the  evidence  from 
this  quarter  in  exten^o  separately. 


J.  R.  Murlin  and  B.  Kramer  483 

Methods  of  Experimentation. 

Female  dogs  large  enough  to  permit  of  passage  of  a  catheter  with  the 
help  of  a  speculum  have  been  used  exclusively  and  the  urine  has  in  nearly 
every  instance  been  so  separated  in  definite  periods.  The  bladder  was 
always  irrigated  with  saturated  boric  acid  solution  at  the  close  of  each 
washing.  The  urines  have  been  most  carefully  preserved,  as  a  rule  with 
10  per  cent  thymol  in  toluene  (though  in  some  instances  with  concentrated 
sulfuric  acid)  and  refrigeration  to  5°C. 

Blood  has  been  drawn,  both  with  the  needle  by  venapuncture,  and  after 
insertion  of  a  cannula  under  local  anesthesia.  We  prefer  the  latter  method 
and  in  our  later  experiments  have  followed  it  almost  exclusively  because 
of  the  greater  precision  with  which  a  sample  can  be  taken  at  a  desired  time. 
No  difficulty  has  been  experienced  on  account  of  the  ''emotional  glycosuria" 
of  Cannon,  Shohl,  and  Wright  (6).  However,  while  Scott  (7),  Seelig  (8), 
and  Roily  and  Oppermann  (9)  do  not  believe  that  the  dog  is  subject  to  emo- 
tional glycoauriaf  Loewy  and  Rosenberg  (10)  have  shown  that  pain  or 
fright  incident  to  drawing  blood  may  increase  the  glycemia  to  quite  abnor- 
mal figures,  and  Shaffer  (11)  presents  evidence  to  the  same  effect.  We 
have,  therefore,  always  exercised  great  care  to  avoid  the  causation  of  pain 
and  to  keep  the  animal  perfectly  quiet  for  some  time  preceding  the  open- 
ing of  a  vessel. 

In  most  instances  the  blood  has  been  drawn  into  a  Brodie  pipette  by 
displacement  of  mercury,  the  blood  mixing  as  it  enters  with  0.3  cc.  of 
leech  extract  (hirudin).  We  agree  with  Epstein  and  Baehr  (12)  as  to  the 
importance  in  comparative  analyses  of  knowing  whether  the  blood  has 
itself  undergone  a  change  of  concentration  and,  as  a  means  of  control,  we 
have  made  many  determinations  of  the  total  specific  gravity  by  first 
measuring  accurately  1  or  2  cc.  of  blood  into  a  weighed  flask  and  immedi- 
ately weighing  the  sample.  Satisfactory  duplicates  of  the  specific  gravity 
have  nearly  always  been  obtained  in  this  way. 

There  are  obvious  advantages  in  the  use  of  the  specific  gravity  rather 
than  the  ratio  of  blood  plasma  to  corpuscles  as  determined  by  means  of 
the  hematocrit.  Hamburger  and  others  have  shown  that  the  blood  cor- 
puscles change  considerably  in  volume  with  changes  in  the  concentration 
of  the  plasma  and,  in  fact,  the  most  common  use  of  the  hematocrit  is  for 
the  demonstration  of  such  changes  in  volume  of  the  corpuscles  rather 
than  for  demonstration  of  a  change  in  concentration  of  plasma  (13). 
Moreover,  since  the  blood  sugar  is  found  in  the  corpuscles  as  well  as  in  the 
plasma,  it  is  difficult  to  see  how  a  knowledge  of  the  relation  of  plasma  to 
corpuscles  helps  to  give  the  correct  percentage  of  blood  sugar.  A  blood 
count  would  be  a  better  index. 

The  method  of  Lewis  and  Benedict  (14),  either  as  originally  reported, 
or  as  published  in  final  form,  has  been  used  throughout  for  the  blood  sugar, 
and  the  method  of  Benedict  for  the  urinary  sugar. 
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Control  of  the  Effect  of  Alkali  on  the  Sugar  in  the  Urine. 

Several  observers,  notably  Bendix  and  Bickel  (15)  and  Mathews  (16), 
have  noted  the  spontaneous  disappearance  of  sugar  in  alkaline  solution. 
Although  the  quantity  destroyed  in  this  way  is  small,  it  might  be  sufficient 
in  urines  which  had  been  rendered  strongly  alkaline  by  administration  of 
sodium  carbonate  to  account  for  a  portion,  at  least,  of  the  apparent  re- 
tention. It  was  therefore  necessary  to  assure  ourselves  that  this  possible 
error  was  at  least  not  very  large. 

A  specimen  of  urine  was  obtained  by  catheter  from  a  completely  de- 
pancreatized  dog,  its  volume  made  up  to  500  cc,  and  the  entire  quantity 
divided  into  two  equal  parts.  The  sugar  in  one  portion  was  determined 
at  once  and  found  to  be  1.49  gm.  The  second  portion  was  made  alkaline 
with  sodium  bicarbonate,  placed  in  the  incubator,  and  kept  there  at  a 
temperature  of  36**C.  for  7  hours.  At  the  end  of  this  time  the  urine  was 
found  to  contain  1.527  gm.  of  dextrose. 

A  second  urine,  faintly  alkaline  and  cpntaining  30  gm.  of  glucose  for 
the  24  hours,  was  diluted  to  proper  strength  for  titration  by  Benedict's 
sugar  method.  The  titration  for  25  cc.  of  the  copper  solution  was  10.2 
and  10.1  cc.  After  standing  6  hours  in  the  incubator  at  36°  and  18  hours 
at  room  temperature  the  titration  next  day  was  10.0  and  10. 1  cc.  Still 
another  portion,  made  more  strongly  alkaline  with  sodium  carbonate  and 
kept  beside  the  first  control,  gave  a  titration  next  day  of  9.9  and  10.0  cc. 

A  similar  control  with  sodium  carbonate  was  performed  by  Elias  and 
Kolb  (4)  in  their  work  upon  hunger  diabetes. 

•Another  factor  that  must  be  taken  into  account  is  the  possible  formation 
of  complex  condensation  products  of  glucose,  such  as  those  found  by 
Levene  and  Meyer  (17)  to  be  produced  by  the  action  of  mixed  extracts  of 
pancreas  and  muscle  upon  sugar  solutions  in  alkaline  medium.  To  control 
this  factor,  a  urine  which  had  been  rendered  sugar-free  by  the  adminis- 
tration of  sodium  carbonate  to  the  animal  from  which  it  had  been  obtained, 
was  boiled  with  a  reflux  condenser  for  1  hour  after  acidifying  with  con- 
centrated hydrochloric  acid;  it  was  then  made  alkaline  with  sodium  car- 
bonate and  was  tested  for  sugar  with  Benedict's  qualitative  sugar  reagent, 
with  negative  results. 

The  Importance  of  Body  Temperature. 

Opinion  is  divided  as  to  the  influence  which  infection  may  have 
on  the  course  of  the  diabetes  produced  by  total  pancreatectomy. 
Allen  (18)  reports  many  instances  of  peritonitis  following  partial 
pancreatectomy  in  which  the  infection  appeared  to  be  without 
specific  influence  on  the  course  of  the  disease.  Our  own  experi- 
ence with  partial  pancreatectomy  is  verj^  limited  as  yet,  but  we 
have  seen  instances  of  rapid  death  with  high  fever  (40**  and  up- 
ward) following  the  total  operation  in  which  there  seemed  to  be 
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no  other  cause  for  the  failure  of  glycosuria,  and  we  have  gained 
the  impression  that  a  serious  infection  with  rise  of  body  tem- 
perature is  of  the  greatest  moment.  Accordingly,  we  have  from 
the  start  kept  a  daily  record  of  body  temperature  and  are  satis- 
fied that  we  have  spared  ourselves  much  time  and  trouble  by 
avoiding  the  use  of  animals  with  a  high  temperature. 

.4.  The  Administration  of  Alkali  by  Mouth. 

It  seemed  strange,  in  view  of  the  marked  effect  of  alkali  on  the 
elimination  of  glucose  by  the  depancreatized  dog,  that  such 
eflfects  had  not  long  ago  been  observed  after  the  administration 
of  alkali  to  diabetic  patients.  Practically  every  diabetic  patient 
in  routine  treatment  has  received  alkali  bj^  mouth.  It  is  com- 
monly given  in  the  form  of  sodium  bicarbonate.  Only  in  the 
face  of  threatening  coma  is  the  more  strongly  alkaline  normal 
salt  usually  given  or  any  alkaU  administered  by  vein.  Patients 
of  intelligence  vouch  for  a  marked  improvement  in  their  sub- 
jective feelings  from  the  use  of  sodium  bicarbonate  and  some 
claim  the  power  to  discern  its  need  by  an  acid  taste  in  the  mouth 
or  by  a  general  feeling  of  depression.  Why,  then,  has  not  some 
improvement  in  the  glycosuria  itself  been  observed?  It  is  our 
beUef  that  much  of  the  benefit  ascribed  to  the  "oat  cure''  or 
other  specific  carbohydrate  "cures"  is  really  to  be  credited  to 
the  large  amounts  of  sodium  bicarbonate  given  at  the  same 
time.  Weiland  (19)  says:  "Wir  haben  zwar  in  alien  Fallen 
dieser  Art  vom  Hafer  Gebrauch  gemacht,  ihn  aber  stets  mit 
ausgiebiger  AlkaUzufuhr  ....  so  dass  eine  eindeutige  Hafer- 
wirkung  nicht  zu  erkennen  war.  Viel  grossere  Bedeutung  kommt 
hier  der  Zufuhr  von  Alkali  zu."  Possibly,  oats  and  NaHCOs 
together  supply  the  proper  ratio  of  kations.  In  many  of  Wei- 
land's  cases  the  urine  became  sugar-free  while  large  doses  of 
alkali  were  being  given.  This  has  been  seen  by  many  other 
observers,  but  Weiland  is  the  first,  as  far  as  we  are  aware,  to 
recognize  the  alkaU  as  a  possible  factor  in  diminishing  the  glyco- 
suria. Recently,  Underbill  has  reported  a  case  that  became 
sugar-free  after  the  daily  ingestion  of  NaHCOs  in  Vichy  water 
had  reached  120  gm.  and  was  then  kept  in  this  state  by  smaller 
doses  diminishing  to  40  or  50  gm.  (27) . 

As  far  as  we  can  discover,  nobody  has  attempted  treatment  of 
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the  dog  made  diabetic  by  pancreatectomy  with  alkali,  after 
the  mamier  of  its  use  with  patients.  The  question  naturally 
arises  whether  the  dog  reacts  differently  in  this  respect  from  the 
human  subject. 

The  experiments  reported  below  show  that  in  many  instances 
there  may  be  little  or  no  effect  from  bicarbonate. 

TABLE  II. 

Cantraat  between  per  Os  and  Intravenous  Administration  of  Sodium  CarbonaU. 
Dog  S.     Weight  7.96  Kg,    Pancreatectomy  July  18,  1914t  iO  a.m. 


Date. 


July  21 


« 


22 


"   23 


a    24 


Time. 


2.20  p.m. 
2.30     " 


10.15  a.m. 
11.00     " 


4.45  p.m. 
4.50  " 
10.38  a.m. 
2.08  p.m. 
2.10-2.35 
p.m. 


5.45  p.m. 
6.12     " 
Autopsy. 


6 

I 

1 

I 

» 

1 

55 

• 
•  • 

O 

2.73 

2.55 

0.952 

35.26 

5.848 

0.80 

0.265 

3.05 

7.05 

2.00' 

1.08 

0.307 

3.52 

11.244 

5.92 

1.89 

1.93 

1.23 

0.48 

0.310 

1.56 

a 

m 

1 


0.292 


d 

OQ 


1.068 


0.198 


0.288 


'C. 


38.3 


1.078 


1.059 


0.292  1.060 


38.2 


No  pancreatic  tissue  found. 


Remarks. 


17.89  gm.  glu- 
cose given  at 
2.40   p.m. 

17.73  gm.  re- 
covered. 

5  gm.  NaiCOt 
by  stomach 
tube. 


Infusion  200  ec. 
distilled  wa- 
ter +  l.Sgm. 
NajCOi. 


Dog  3y  whose  pancreas  was  removed  on  July  18,  1914,  at  10  a.m., 
had  on  July  21  a  perfect  Minkowski  ratio  and  eliminated  between 
2.30  p.m.  of  this  daj^  and  10.15  a.m.  the  next  day  17.73  gm.  out 
of  17.89  gm.  of  glucose  administered  by  mouth.  The  intoler- 
ance for  carbohydrate  was  therefore  complete.  At  11  a.m.  of 
the  22nd  5  gm.  of  sodium  carbonate  were  given  by  stomach  tube 
and  at  4.45  p.m.  urine  obtained  by  catheter  showed  an  increase 
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in  the  hourly  eUmination  of  both  nitrogen  and  glucose,  but  the 
increase  in  the  glucose  was  greater  than  that  of  the  nitrogen,  the 
result  being,  therefore,  a  higher  G:  N  ratio.  The  blood  sugar  fell 
coincidentally  with  the  rise  in  glucose  excretion.  At  10.38  a.m. 
on  the  23rd  the  G:  N  was  1.89.  The  hourly  elimination  could 
not  be  computed.  In  the  afternoon  between  2.10  and  2.35,  an 
infusion  of  1.5  gm.  of  sodium  carbonate  in  200  cc.  of  distilled 
water  was  given.  The  G:  N  ratio  fell  to  1.56,  the  blood  sugar 
and  specific  gravity  changing  only  slightly.  The  normal  salt, 
with  its  higher  alkalinity,  produced  a  prompt  fall  in  the  elimina- 
tion of  glucose  when  given  by  vein,  but  the  eflfect  was  much 
delayed  when  given  by  mouth. 

TABLE  m. 

BicarboTuite  of  Sodium  and  Potassium.    Dog  8.    Weights  Kg.    Pancreatectomy 

August  26,  1914. 


Date. 

Time. 

• 

o 

-a 

1 

• 

1 

• 

u 
M 

i 

• 
M 

i 

m  ■ 

o 

•c. 

Remarks. 

tm 

Sept.  1 

4  p.m. 
6     " 

10  gm.  NaHCO,. 

in  400  cc.  water; 

all  retained. 
100  gm.  meat. 

"     2 

Cage  urine. 

4.84 

1.764 

2.74 

38.5 

Catheter  12  m. 

5.85 

2.548 

2.29* 

38.9 

"       4  p.m. 

1.10 

0.728 

1.51 

500  cc.  1  per  cent 
KHCO,at4.10. 
100  gm.  meat 
at  5.30. 

"     3 

Cage  urine. 
Catheter   1  p.m. 
6     " 

6.33 
5.18 

1.932 
2.478 

3.27 
2.09** 

20  gm.  XaHCOt 
up  to  4  p.m. 
200  gm.  meat 
at  6  p.m. 

"         8     " 

1.527 

0.469 

0  763 

0.234 

3.25** 

"     4 

1  a.m. 
Catheter  11     " 

7.780 

4 

4.51 

0.518 

0.300 

1.72** 

38.9 

"         1  p.m. 

6.501  0.392 

0.250 

0.196 

1.27* 

39.1 

Date  of  death  los 

t.    Xo  pancreatic  tissue  founc 

I. 

*  Urine  acid. 
•*  Urine  alkaline. 
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Dog  8,  depancreatized  on  Aug.  26,  1914,  received  on  Sept. 
1  at  4  p.m.  10  gm.  of  sodium  bicarbonate  in  400  cc.  of  water. 
At  6  p.m.  100  gm.  of  meat  were  eaten.  The  next  morning  the 
cage  urine  showed  a  G:  N  ratio  of  2.74.  At  12  m.  urine  from  the 
bladder  contained  less  glucose  in  proportion  to  the  nitrogen,  and 
the  urine  was  acid,  showing  that  the  alkali  had  by  this  time  been 
entirely  eliminated.  At  4  p.m.,  without  further  treatment,  the 
ratio  had  fallen  still  further.  Bicarbonate  of  potassium  was 
then  given  in  1  per  cent  solution  and  the  same  quantity  of  meat 
was  eaten.  The  next  morning  the  ratio  of  glucose  to  nitrogen 
excreted  in  the  cage  urine  was  3.27,  while  at  1  p.m.  it  had  returned 
again  nearly  to  the  level  it  had  shown  at  a  corresponding  time 
the  day  before  when  bicarbonate  of  sodium  had  been  given. 
In  brief,  the  two  salts  had  produced  nearly  identical  (if  any) 
results.  As  will  be  shown  in  a  later  paper,  the  G :  N  of  the  de- 
pancreatized dog  varies  with  the  time  after  feeding,  being  above 
the  Minkowski  ratio  in  the  early  hours  and  below  it  in  the  later 
hours,  but  making  an  average  for  the  24  hours  very  close  to  the 
average  given  by  Minkowski  as  characteristic  for  the  meat-fed 
dog.  Reilly,  Nolan,  and  Lusk  (20)  have  shown  that  the  same  is 
true,  though  the  diflference  is  much  less  striking,  in  the  phlorhizin- 
ized  dog;  i.e.,  the  glucose  derivable  from  protein  is  excreted  more 
rapidly  than  the  nitrogen.  This  is  doubtless  the  meaning  of  the 
downward  tendency  of  the  ratio  seen  here  after  each  feeding. 
Possibly,  there  was  at  the  same  time  some  delay  in  the  gastric 
digestion  caused  by  the  presence  of  the  alkaU.  On  the  evening 
of  Sept.  3  the  experiment  with  sodium  bicarbonate  was  repeated, 
using,  however,  double  the  amount  of  alkaU,  and  2  hours  later, 
double  the  amount  of  meat.  At  2  and  7  hours  later,  first  a  high 
and  then  a  low  G:  N  was  again  found.  At  1  p.m.  the  urine  was 
acid,  showing  that  the  alkali  had  all  escaped;  but  the  ratio  was 
still. lower.  At  first  sight,  these  observations  appear  to  prove 
that  the  bicarbonates  have  a  delayed  effect  in  bringing  the  ratio 
down.  There  is  reason,  however,  as  we  have  seen,  to  beHeve 
that  the  ratio  would  have  been  somewhat  lower  at  this  time  if 
the  alkali  had  not  been  given. 

Moreover,  as  the  following  experiment  proves,  bicarbonate 
administered  to  a  fasting  depancreatized  dog  may  have  the  effect 
of  causing  sugar  to  reappear  in  the  urine  after  it  had  entirely 
vanivshed. 
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TABLE  IV. 

Fatting  Depancreatited  Dog.    Dog  1.     Weighi 


d 

^ 

i 

Dkte. 

Tirae. 

1 

3 

z 

ReutioD. 

Reouuki. 

^ 

eS 

6 

lau 

-c. 

Aug.    21 

Catheter 

1  2(M  20  p.m. 

0,0 

0.525 

38  7 

AUtaline. 

BefuaedatUood. 

4  30    " 

360  cc.  2  per 
cent  NaHCO. 
by      stoma  ch 

tube. 

Spedmen    6,30    " 

0  695 

0,266 

2  61 

387 

Refused  all  rood. 

7,05    " 

0,631 

0.283 

223 

"      22 

9-00  a.m. 

1,238 

0.794 

1.56 

Voided      10  00     " 

0  185 

0,595 

0.3 

Refused  food. 

Catheter  11  30     " 

0.0 

0  192 

12.00  ID. 

4  gni.  NaHCO, 
in  300  cc.  wa- 
ter by  atom  aeh 
tube. 

Voided         1.30  p.m. 

0.183 

"      23 

0  0 

Refused  food. 

"      24 

11  30  a.m. 
3.15  p.m. 

00 

3d3 

' 

17. S9  gm.  glu- 
cose given  in 
300  cc.  water; 
none  vomited. 

"     25 

3.10  " 

13  684 

38.7 

4,206  gm.  re- 
tained. 

"      28 

Respiratory  ex pe rime 

nt.     R.Q.  after  20  gm.  glue 

se,  0.80  and  0.79 

Sept.    2 

Dog    killed.     No    pa 

ncreatic  tiaaue  found.      Ne 

ghboring  tissues  aec- 

li.,n(.d:  nopaocre, 

tie  lis 

ue. 

Trin 

had 

beeu 

free 

of  sugar  to  end. 

*  Pancreas  was  sclerotic  and  brittle;  very  ei 


Dog  7  had  been  in  the  laboratorj'  for  4  days  previous  to  operation 
and  had  refused  all  food  during  this  time.  The  pancreas  at 
operation  was  found  to  be  quite  sclerotic  and  brittle  but  was 
easily  removed.  2  days  afterward  the  urine,  to  our  surprise, 
was  found  at  4.30  p.m.  to  be  sugar-free.  The  dog  meantime  had 
eaten  nothing.  At  4.30,  350  cc.  of  2  per  cent  solution  of  sodiimi 
bicarbonate  were  given  by  stomach  tube  and  all  was  retained. 
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At  6.30,  a  G :  N  ratio  nearly  approaching  the  typical  for  meat-fed 
depancreatized  dogs  was  obtained  and  the  sugar  continued  in  the 
urine  until  next  day  at  10  a.m.  When,  at  11.30,  the  urine  was 
again  found  sugar-free,  more  bicarbonate  was  given  and  once 
more  a  small  amount  of  sugar  came  out.  The  next  2  da5rs,  with- 
out any  treatment,  the  urine  continued  sugar-free  and  on  the 
24th  20  gm.  of  conmiercial  glucose,  containing  17.89  gm.  of  actual 
glucose,  by  titration,  were  given  at  3.15  p.m.  24  hours  later 
13.68  gm.  had  been  excreted.  This  indicated  a  moderate  toler- 
ance, and  judging  from  the  results  of  the  respiration  experiment 
performed  on  the  28th,  it  is  possible  that  some  of  the  sugar  was 
burned.  Autopsy  revealed  no  pancreatic  tissue  although  all  frag- 
ments  of  tissue  suspected  of  containing  pancreas  were  sectioned. 
The  dog  also  was  not  pregnant  unless  in  the  very  early  stages 
when  gross  examination  of  the  uterus  would  reveal  nothing. 

This  interesting  case  will  be  alluded  to  in  the  third  paper  but 
is  mentioned  here  for  the  purpose  of  showing  that  sodium  bi- 
carbonate, with  its  very  sUght  alkaUnity,  may  not  only  produce 
no  reduction  in  the  excretion  of  sugar,  as  seen  in  the  last  experi- 
ment, but  may  even  call  out  sugar  otherwise  absent  from  the 
urine. 

Dog  Oy  deprived  of  the  pancreas  on  July  29,  1914,  showed,  2 
days  later,  a  G :  N  ratio  indicating  a  nearly  total  diabetes.  By 
the  administration  of  7.5  gm.  of  the  normal  anhydrous  salt  in 
1  per  cent  solution  the  urine  was  rendered  sugar-free  and  this 
continued  for  4  days  under  continued  treatment  with  the  alkaU, 
notwithstanding  the  ingestion  of  200  gm.  of  meat  on  one  of  these 
days.  The  blood  sugar  fell  at  first,  then  returned  to  0.15  per 
cent,  at  which  point  it  remained  when  last  examined.  This  is  a 
rather  low  percentage  of  blood  sugar  for  total  diabetes  and,  in 
order  to  make  certain  that  the  diabetes  was  total,  it  was  necessary 
to  make  use  of  the  respiratory  quotient.  Two  periods  on  Aug. 
4  were  sufficient  to  estabhsh  the  fact  that  there  was  no  capacity 
on  the  part  of  the  organism,  even  with  the  aid  of  the  alkali  ad- 
ministered by  mouth,  to  oxidize  glucose.  After  administration 
of  20  gm.  of  the  sugar,  with  more  carbonate,  there  was  a  sUght 
rise  in  the  R.  Q.  in  the  2nd  and  3rd  hours,  but  it  had  completely 
subsided  in  the  4th.  Many  such  experiments  have  been  done  in 
this  same  manner.     The  R.  Q.  and  heat  production  have  been 
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determined  after  the  administration  of  carbonate  alone  and  of 
carbonate  with  sugar  several  days  after  total  pancreatectomy, 
but  never  have  we  seen  a  R.  Q.  higher  than  0.73  following  the 
administration  by  mouth  of  sodium  carbonate  with  totally  de- 
pancreatized  dogs.  As  we  shall  see,  the  result  is  diflferent  after 
partial  pancreatectomy. 


B,  The  Administration  of  Alkali  by  Vein. 

Our  first  positive  result  was  obtained  with  Ringer's  solution 
made  alkaline  to  the  extent  of  about  1  per  cent  with  sodium 
carbonate.^  Returning  to  this  procedure,  we  have  been  able 
to  reproduce  the  first  result  a  number  of  times.  The  only  failures 
were  traceable  to  the  use  of  bichloride  of  mercury  in  too  concen- 
trated a  solution  as  a  hand  wash  at  operation.  The  following 
experiments  are  typical  of  the  eflfects  on  urinary  and  blood  sugar. 

TABLE  VI. 


Dog  SI. 

Pancreatectomy  February  < 

S, 

Date. 

Weight. 

Urine. 

Tem- 
pera- 
ture. 

Glu- 
cose. 

N. 

G:N. 

Blood 
sugar. 

Remarks. 

i0l6 

ko. 

•c. 

• 

percent 

Feb.    9 

13.20 

Catheter. 
Cage. 

38.6 

4.72 
17.73 

1.18 
6.02 

4.00 
2.94 

"   10 

12.90 

Catheter  9.40 

37.6 

0.50 

0.18 

2.78 

12.40 

2.18 

0.364 

5.9 

0.40 

1.00-1.15,  200 

« 

cc.   Locke's 
solution   + 
l.Sgm.Naj- 
COibyvein. 

3.40 

40.2 

1.49 

0.49 

3.04 

0.42 

7.00 

0.00 

0.196 

0.0 

0.38 

"       10.00 

0.00 

0.0 

Dog  SI.  2  days  after  operation  200  cc.  of  Locke's  modification 
of  Ringer's  solution  (containing,  however,  no  glucose)  were  in- 
fused into  the  jugular  vein.     The  infusion  was  stopped  at  1.15 

^  The  addition  of  carbonate  to  Ringer's  solution  naturally  precipitated 
the  calcium,  but  this  docs  not  interfere  with  its  use  intravenously. 
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p.m.,  and  at  3.40 — 2  hours  and  25  minutes  later — the  sugar  had 
completely  disappeared  from  the  urine.  It  was  still  absent  at 
10  p.m. 

Three  points  are  of  sp>ecial  interest  in  this  exp>eriment:  First, 
the  high  G:  N  ratio  found  at  12.40  p.m.  The  dog  had  exhibited 
the  typical  Minkowski  ratio  at  9.40  a.m.  and,  without  having 
been  fed,  developed  within  3  hours  a  ratio  more  than  twice  as 
high.  The  occurrence  of  high  ratios  at  a  corresponding  period 
has  been  noted  several  times  in  the  course  of  the  work.  An 
explanation  of  this  pecuUar  behavior  will  be  given  in  due  time. 
At  the  moment  it  is  of  interest  as  showing  how  differently  the 
depancreatized  dog  may  behave  from  the  dofe  kept  uniformly 
intoxicated  with  phlorhizin  (21).  The  second  point  of  special 
interest  is  the  decrease  in  nitrogen  elimination  coincidentally 
with  the  cessation  of  sugar  elimination.  The  nitrogen  output 
per  hour  falls  to  about  half  what  it  was  before  the  infusion,  but 
follows  immediately  upon  a  somewhat  heightened  excretion.  In 
fact,  if  the  whole  eUmination  for  the  6  hours  be  computed  to  the 
hourly  basis  it  is  seen  that  there  is  but  very  slight  change  from 
the  rate  at  which  the  kidney  was  putting  forth  nitrogen  previous 
to  infusion.  The  more  rapid  elimination  at  first  is  doubtless 
due  to  a  washing  out  process  brought  about  by  the  dilution  of 
the  blood,  and  the  slower  elimination  later  is,  in  all  probability, 
merely  the  natural  compensation  of  this.  Without  the  prelimin- 
ary washing  out  one  would  be  inclined  to  ascribe  the  whole  change, 
as  regards  both  sugar  and  nitrogen,  to  an  eflfect  on  the  kidney. 
Instead  of  a  sweeping  out  of  sugar,  however,  we  see  a  gradual 
fall  followed  by  total  disappearance.  The  third  point  of  interest 
is  the  behavior  of  the  blood  sugar.  Were  the  effect  of  the  in- 
fusion wholly  a  renal  effect,  one  would  expect  an  increase  in 
total  blood  sugar^  as  the  urinar>'  sugar  fell  off,  and  there  is  indeed 
some  indication  of  this  in  the  slightly  augmented  percentage  at 
the  3  hour  period.  Two  facts  prevent  a  definite  conclusion  from 
this  exp>eriment:  The  specific  gravity  was  not  determined,  hence 
one  cannot  say  to  what  extent  the  blood  was  diluted  at  this 
time;  and,  second,  there  is  always  a  possibility  that  sugar  has 
been  withdrawn  from  the  circulation  under  the  influence  of  the 

'  See  Appendix  to  Table  III  of  the  second  paper  for  an  instance  of 
augmented  blood  sugar  caused  by  failure  of  the  kidney  to  produce  urine. 
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alkali.  This  factor,  as  far  as  it  may  be  related  to  a  form  of 
carbohydrate  which  can  be  mobiUzed  again  by  adrenalin,  will  be 
dlscuBsed  in  the  second  paper. 

TABLE  VII. 

Dog  Si.    Weight  ll.BS  Kg.    Panereateetomy  February  IS. 


Tims. 

1 

■5 

G. 

N. 

B 

Sp.er. 

Bemub. 

1 

O 

1§ 

tm 

■C. 

M. 

im. 

.Feb.  16 

Catheter  9.40 

■M.fi 

l.fiO 

o.,w 

3.20 

"       11.40 

32 

2.31 

1.67 

3.44 

1,40 

36 

2.55 

0,71 

3,59 

0.25 

l.OM 

1.40-2,07.      iofu- 
BioD   of  300  c., 
Locke's       Bolu- 

3  gm.  NftjCO,. 

3.40 

tor 

UK) 

1  ft 

171 

2  31 

12^ 

\(m 

5.40 

as  t 

an 

0  Of 

)  M 

0  Of 

),2( 

1,043 

7.45 

200* 

1,67 

0.55 

304 

0,19 

1,012 

*  Dog  had  a  Urge  drink  ot  water  at  6  p.m. 

Dog  32.  On  the  3rd  day  after  operation,  the  G:N  ratio  in 
an  early  morning  specimen  from  the  bladder  was  high  enoi^  to 
indicate  total  diabetes.  Two  control  periods  of  urine  were 
obtained  and  a  sample  of  blood  was  taken  just  before  the  in- 
fusion was  begun.  Within  2  hours  the  sugar  had  disappeared 
from  the  urine.  Remaining  absent  for  a  complete  2  hour  period, 
it  was  present  again  at  the  next  examination  2  hours  later  in  the 
same  quantity  as  at  the  end  of  the  first  2  hours.  It  ia  difficult 
to  interpret  the  behavior  of  the  nitrogen.  Taking  the  figures 
in  the  control  periods  as  normal,  there  appears  to  be  a  consider- 
able fall  coincident  with  the  disappearance  of  sugar;  but  if  the 
figure  found  at  the  end  of  the  first  2  hour  period  after  infusion 
may  be  interpreted  as  a  rise  due  to  washing  out  of  extractive 
nitrogen,  as  was  seen  in  the  previous  experiment,  then  the  amount 
recovered  at  the  last  examination  may  be  regarded  as  a  return 
to  the  normal  level  which  prevailed  early  in  the  morning. 

Turning  to  the  blood  sugar,  it  is  evident  that  the  fall  in  per- 
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centage  is  not  so  great  as  would  be  expected  from  the  change 
in  specific  gravity.  The  first  step  from  1.056  to  1.049  would  be 
brought  about  by  the  addition  of  water  to  the  extent  of  25  per 
cent  of  the  blood  volume;  the  second  drop  to  1.043,  by  the  addi- 
tion of  46  per  cent  of  the  blood  volume.  If  no  sugar  were  held 
back  by  the  kidney,  such  a  dilution  would  produce  a  change  in 
percentage  from  0.25  to  0.20  per  cent  and  the  next  step  (1.043) 
would  find  it  at  the  level  of  0.17  p>er  cent.  Since  only  100  cc.  of 
urine  were  obtained  at  the  end  of  the  first  2  hour  period,  it  is 
probable  that  more  than  enough  water  had  actually  been  retained 
to  account  for  the  change  in  gravity  (allowing  600  gm.  of  blood 
for  a  12  kg.  dog). 

To  produce  the  gravity  found  at  the  next  examination,  however, 
would  require  the  retention  of  275  cc.  of  water.  It  is  possible 
that  fluid  might  be  withdrawn  from  the  tissues  to  produce  this 
result. 

Assuming  600  gm.  of  blood  at  the  beginning,  0.25  per  cent  of 
sugar  would  amount  to  1.5  gm.  as  the  total  amount  in  circulation. 
At  the  time  When  the  sugar  was  found  entirely  absent  from  the 
urine,  however,  there  was  0.2  per  cent  in  the  blood,  and  if  we 
assume  that  at  least  275  cc.  of  water  had  been  added  to  the  cir- 
culating fluid  (to  produce  the  observed  change  in  gravity),  there 
must  have  been  all  told  about  1.75  gm.  of  sugar  in  circulation, 
or  an  increase  of  0.25  gm.  Since  before  the  infusion  sugar  was 
being  excreted  at  the  rate  of  1.2  gm.  per  hour,  whereas  after  the 
infusion  only  1.6  gm.  were  recovered  in  4  hours,  it  is  evident 
that  at  least  3.2  gm.  had  been  diverted.  Only  a  small  part  of 
it  can  have  remained  in  the  circulation. 

C.  The  Influence  of  Hydrochloric  Acid  on  the  6:  N  Ratio. 

In  the  work  previously  reported  the  effect  of  a  single  dose  of 
2  per  cent  hydrochloric  acid  by  stomach  on  the  glycosuria  of 
the  depancreatized  dog  was  noted  (22).  The  rate  of  glucose 
elimination  was  increased  for  as  much  as  4  hours,  while  the  rate 
of  nitrogen  remained  constant.  The  same  may  be  seen  in  the 
following  experiments. 

Dog  22y  bull  terrier,  female,  about  9  months  of  age,  weight  7.9 
kg.,  was  depancreatized  on  Jan.  5,  1915.    This  dog  was  used  for 
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the  determination  of  the  mineral  alkalinity  of  blood  (23)  in  con- 
nection with  the  respiratory  metabolism  for  several  days.  A 
complete  Minkowski  ratio  on  a  meat  diet  was  obtained  on  the 
3rd  day  after  pancreatectomy  (Jan.  8).  On  this  day,  however, 
the  dog  refused  food  and,  after  it  was  given,  vomited  the  entire 
meal.     On  Jan.  9  the  following  observations  were  made. 

TABLE  VIII. 


Time. 

G. 

N. 

G:N. 

Gper 

hr. 

Nper 
nr. 

Remarks. 

gm. 

gm. 

gm. 

gm. 

10.15  a.m. 

3.97 

2.52 

1.58 

12.15  p.m. 

300  cc.  0.15  per  cent  HCl 
by  stomach  tube. 

1.30     " 

4.24 

1.00 

4.24 

1.30 

0.30 

4.45     " 

1.61 

0.99 

1.63 

0.49 

0.30 

Dog  27,  brindle  bull,  female,  probably  about  8  months  of  age» 
weight  11.8  kg.,  was  depancreatized  on  Jan.  29,  1915.  On  the 
morning  of  the  30th,  without  having  eaten  any  food  since  oper- 
ation, the  dog  showed  a  G:  N  ratio  of  2.50.  On  the  morning  of 
Feb.  1  the  ratio  in  the  cage  urine  was  only  1.78,  but  the  bladder 
urine  at  2.20  p.m.  gave  a  ratio  of  2.84.  At  2.35,  100  cc.  of  0.3 
per  cent  hydrochloric  acid  were  given  subcutaneously.  The 
results  follow. 

TABLE  IX. 


Date. 

Time. 

G. 

N. 

G:N. 

Oper 
hr. 

Nper 
hr. 

Remarks. 

me 

gm. 

gm. 

gm. 

gm. 

Feb.  1 

10  a.m. 

23.53 

13.25 

1.78 

2.20  p.m. 

5.17 

1.82 

2.84 

1.19 

0.42 

2.35    " 

• 

100    CC.    0.3    per 
cent   HCl   sub- 
cutaneously. 

5.20    " 

5.84 

1.62 

3.60 

1.94 

0.54 

"     2 

10.10  a.m. 

25.00 

8.77 

2.83 

1.47 

0.51 

The  results  of  these  two  experiments  confirm  in  every  partic- 
ular those  previously  reported.  With  the  nitrogen  remaining 
constant,  the  sugar  output  per  hour  is  increased  in  one  instance 
about  threefold.     In  the  other,  the  nitrogen  level  is  not  so  con- 
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slant — a  rise  of  approximately  30  per  cent  can  be  made  out — 
but  the  glucose  rises  about  80  per  cent  in  the  first  3  hours  and 
evidently  continued  high  for  some  time  thereafter. 

Mention  should  be  made  at  this  point  of  the  extreme  toxicity 
of  hydrochloric  acid  for  the  depancreatized  dog.  Eppinger  (24) 
has  shown  that  a  dog  of  6.5  kg.  after  removal  of  the  pancreas 
succumbed  to  a  dose  of  2.7  gm.  of  hydrochloric  acid,  or  about 
0.4  gm.  per  kilo,  and  another  of  7.6  kg.  was  brought  to  the  point 
of  impending  death  (when  the  dog  was  bled  for  the  purposes  of 
blood  analysis)  by  a  dose  somewhat  less  than  this.  On  the  other 
hand,  a  normal  dog  (25)  on  a  meat  diet  will  withstand  a  dose  of 
0.9  gm.  of  hydrochloric  acid  per  kilo  and  will  neutralize  80  per 
cent  of  the  acid  with  anunonia.'  Confirmation  of  these  obser- 
vations has  been  seen  in  the  course  of  this  work. 

Dog  25 J  a  young  female,  weighing  7.4  kg.,  was  depancreatized 
on  Jan.  23,  1915.  On  the  25th  she  received  0.6  gm.  of  hydro- 
chloric acid  in  300  cc.  of  water  by  stomach  tube.  Two-thirds  of 
this  was  vomited  a  half  hour  later.  The  same  evening  the  dog 
was  given  a  meal  of  meat  and  lard  but  it  was  vomited  during  the 
night.  On  the  26th  at  1  p.m.  0.5  gm.  of  hydrochloric  acid  was 
given  in  25  cc.  of  water  subcutaneously.  The  next  day  the  dog 
vomited  excessively  all  the  morning.  At  12.50  p.m.  0.3  gm. 
more  of  hydrochloric  acid  was  given  in  100  cc.  of  water  intra- 
peritoneally.  The  dog  died  in  coma  at  6  p.m.  The  total  amount 
of  acid  given  was  1.4  gm.,  or  altogether  less  than  0.2  gm.  per  kilo. 

SUMMARY. 

1.  Sodium  bicarbonate  and  potassium  bicarbonate  administered 
by  stomach  tube  may  be  without  immediate  eflfect  on  the  glyco- 
suria and  the  hyperglycemia  of  the  depancreatized  dog. 

2.  A  bicarbonate  given  by  mouth  to  a  fasting  depancreatized 
dog  may  even  cause  the  reappearance  of  glucose  in  the  urine  after 
it  had  been  "starved  out." 

3.  The  normal  anhydrous  salt  of  sodium,  NaoCOs,  may,  on  the 
contrary,  reduce  the  sugar  in  the  urine  materially  when  given 

'  Schryver  (26)  has  emphasized  the  importance  of  ammonia  derivable 
from  the  products  of  tr^^ptic  digestion  as  a  protection  to  the  liver  against 
the  autolytic  effects  of  acids. 
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by  mouth,  and  when  given  by  vein  invariably  does  so,  especially 
when  added  to  Ringer's  or  Locke's  solution  to  the  amount  of 
about  1  per  cent. 

4.  The  blood  sugar  does  not  undergo  a  compensating  increase 
in  percentage  even  when  the  dilution  of  the  blood  is  accounted  for. 

5.  DUute  HCl  given  by  mouth  or  subcutaneously  to  the  de- 
pancreatized  dog  has  just  the  opposite  effect  of  alkah — increasing 
the  sugar  in  the  urine  without  affecting  materially  the  nitrogen 
elimination — and  without  causing  any  effect  on  the  blood. 
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PANCREATIC  DIABETES  IN  THE  DOG. 

U.    IS  THE  GLUCOSE  RETAINED  WHEN  SODIUM  CARBONATE  I 
ADMINISTERED  TO  DEPANCREATIZED  DOGS 
DEPOSITED  AS  GLYCOGEN  ? 

By  B.  KRAMER,  J.  MARKER,  and  J.  R.  MURLIN. 

(From  the  Physiological  Laboratory  of  the  State  University  of  Iowa,  Iowa 
City,  and  the  Physiological  Laboratory^  Cornell  University  Medical 

College^  New  York  City.) 

(Received  for  publication,  September  29,  1916.) 

Recent  work  upon  the  problems  of  gly oogenesis  and  glyeo- 
genolysis  points  clearly  to  the  fact  that  sodium  carbonate  exerts 
an  inhibitory  effect  upon  those  processes  which  cause  a  liberation 
of  glycogen  from  its  hjTX)thetical  intracellular  combination  and 
which  bring  about  a  cleavage  of  the  glycogen  molecule  into  glu- 
cose. Pavy  and  Bywaters  (1)  reported  that  the  injection  (rf 
acids  into  the  portal  vein,  ante  mortem,  increases  postmortem 
glycogenolysis,  whereas  the  injection  of  sodium  carbonate  has 
the  opposite  eflfect.  As  early  as  1882  Einhom,  working  in  Ehr- 
lich's  laboratory,  showed  that,  while  winter  frogs  neither  lose 
glycogen  from  their  livers  nor  form  new  glycogen  when  inMnersed 
in  a  plain  sugar  solution,  they  do  lose  their  glycogen  if  the  sugar 
solution  is  acidulated  (2).  On  the  other  hand,  when  such  frogs 
are  immersed  in  a  dextrose-sodium  carbonate  solution,  a  demon- 
strable formation  of  new  glycogen  from  available  glucose  takes 
place-  without  the  occurrence  of  glycogenolysis.  A  diminution 
in  glycogenolysis  and  even  an  actual  glycogenesis  has  been  ob- 
served by  Elias  (3)  in  turtle  livers  perfused  with  Ringer's  solution 
containing  sodium  carbonate.  Furthennore,  Elias  and  Kolb 
were  able  to  bring  about^a  considerable  loss  of  glycogen  from 
the  livers  both  of  rabbits  and  dogs  by  the  administration  of  large 
doses  of  0.1  N  hydrochloric  acid  (4).  Macleod  and  Pearce  (5) 
also  have  demonstrated  the  extreme  sensitiveness  of  the  glyco- 
genoljiiic  process  to  the  percentage  of  COi  (hydrogen  ion  con- 
centration) in  the  blood  passing  through  the  liver. 
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Thus  the  antagonism  of  acids  and  alkalies  in  accelerating  oi 
retarding  the  processes  of  glycogenolysis  and  glycogenesis  seems 
clearly  established  for  noraial  animals,  and  one  cannot  help 
thinking  that  the  action  of  sodiimi  carbonate  in  decreasing  the 
intensity  of  the  glycosuria,  as  reported  in  the  preceding  paper  (6), 
may  be  due  to  the  fact  that  it  favors  the  retention  of  preformed 
glycogen  and  brings  about  a  formation  of  new  glycogen  from 
available  glucose. 

Methods  of  Experimentation. 

Two  methods  were  used  in  an  attempt  to  demonstrate  a  re- 
tention of  glucose  in  the  form  of  glycogen.  First,  by  direct 
determination  of  the  glycogen  contained  in  the  liver  and  muscles 
of  a  depancreatized  dog  in  which  a  retention  of  glucose  had  been 
brought  about  by  the  administration  of  sodium  carbonate; 
second,  by  a  method  suggested  to  us  by  Dr.  R.  T.  Woodyatt,  the 
steps  of  which  were  as  follows:  A  completely  depancreatized 
dog  was  deglycogenized  by  the  repeated  subcutaneous  injection 
of  small  doses  of  adrenalin,  as  described  by  Sansmn  and  Wood- 
yatt (7).  The  animal  was  then  fed  on  some  glucogenetic  material, 
usually  lean  meat.  Sodium  carbonate  was  administered  in 
repeated  doses,  either  per  os  or  intravenously  in  1  per  cent  solu- 
tion, and  after  a  considerable  quantity  of  glucose  had  been  re- 
tained, was  again  deglycogenized  by  repeat^  injectionjs  of 
adrenalin.  The  elimination  of  extra  sugar  was  to  be  taken  as 
proof  that  the  sugar  which  failed  to  appear  in  the  urine  during 
the  administration  of  the  carbonate  had  been  retained  as  glyco- 
gen.    The  detailed  destription  of  these  experiments  follows. 

Experiment  1  {Table  I). — The  doj?  was  depancreatized  in  the  two^tage 
operation  of  Minkowski,  but  following  the  rapid  technique  of  Uddon. 
The  urine  was  then  collected  in  definite  periods  of  about  24  hours  each 
and  as  soon  as  the  G :  N  ratio  reached  2.62,  approximately  the  t3rpical 
Minkowski  ratio,  the  experiment  was  begun.  The  dog  was  given  2  gm. 
of  sodium  carbonate  in  1  per  cent  solution  by  stomach  tube  at  10  a.m.  and 
a  second  dose  at  1  p.m.  The  G:  N  on  the  following  day  fell  to  1.90.  The 
total  amount  of  sugar  retained  was  6.86  gm.,  the  glucose  retained  thus 
being  the  difference  between  the  amount  that  theoretically  should  have 
been  eliminated  and  the  amount  actually  excreted.  The  carbonate  was 
continued  for  the  next  48  hours  in  2  gm.  doses  twice  a  day.  On  the  4th 
day  300  gm.  of  lean  beef  heart  were  given;  on  the  5th  day,  400  gm.,  and  on 
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the  6th,  another  300  gm.  The  administration  of  carbonate  was  con- 
tinued in  doses  varying  from  2  to  5  gm.  until  a  total  of  51.18  gm.  of  glucose 
Had  been  retained.  2  hours  before  the  animal  was  anesthetized  oO  gm. 
of  glucose  and  5  gm.  of  sodium  carbonate  were  given  by  stomach  tube, 
thus  supplying  a  large  quantity  of  glucose  for  glycogenosis  and  of  sodium 
carbonate  to  inhibit  any  glycogenolysis  that  might  be  caused  by  the 
etherization  in  the  normal  animal  (8).  Care  was  taken  to  allow  sufficient 
air  during  the  etherization  and  the  excitement  stage  was  thereby  reduced. 
9  minutes  elapsed  from  the  time  that  the  anesthetic  was  begun  until  the 
first  specimen  of  liver  was  removed  and  placed  in  the  alkali  solution. 
Glycogen  was  determined  by  the  method  of  Pfluger.  After  prolonged 
hydrolysis  with  dilute  hydrochloric  acid  the  fluid  was  concentrated  to  a 
small  volume  by  slow  evaporation  on  the  water  bath,  neutralized  after 
cooling,  and  the  sugar  content  determined  by  Benedict's  titration  method. 
As  shown  in  the  protocol  of  this  experiment  at  the  bottom  of  Table  I, 
only  amounts  of  sugar  too  small  for  quantitative  estimation  by  Benedict's 
method  could  be  demonstrated  in  the  fluid  after  hydrolysis. 

Experiment  2  (Table  II), — This  is  reported  in  corroboration 
of  the  above  except  that  in  the  second  experiment  no  anesthetic 
was  used  in  the  final  procedure. 
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Experiment  S  (Table  III). — The  animal  was  completely  depancreatized 
in  two  stages  and  the  urine  collected  in  definite  periods  of  approximately 
24  hours'  duration,  the  urine,  as  seen  in  Table  III,  showing  a  G :  N  of  3.07 
for  the  first  23  hours  and  2.98  for  the  next  24  hours.  Adrenalin  in  1 :  1,000 
dilution  was  then  administered  subcutaneously  every  3  hours  in  doses  ef 
0.25  to  0.5  cc.  until  further  administration  of  adrenalin  failed  to  raise  the 
G:  N.  This  was  taken  as  indicating  that  the  animal  was  now  completely 
deglycogenized  (7).  The  adrenalin  was  then  discontinued  and  sodium 
carbonate  in  1  per  cent  solution  was  given  by  stomach  tube  in  repeated 
doses  of  2.5  to  5  gm. 

The  dog  was  fed  on  lean  beef  in  quantities  varying  from  200  to  500  gm. 
daily  in  one  or  two  feedings.  Even  before  the  meat  feeding  was  begun 
the  G^N  dropped  from  2.66  to  2.31  following  the  administration  of  sodium 
carbonate.  The  G :  N  continued  to  fall  even  during  the  period  in  which  the 
meat  was  b^ing  fed.  Thus  a  considerable  amount  of  glucose  that  must 
have  been  derived  from  the  ingested  meat  failed  to  appear  in  tlie  urine. 

The  adrenalin  tin  jections  were  then  resumed  with  the  object  of  bringing 
about  the  elimination  of  the  supposedly  retained  glucose,  as  extra  sugar, 
which  would  have  been  the  case  if  it  were  retained  as  glycogen.  That  no 
such  extra  glucose  appeared  even  after  the  injection  of  0.5  cc.  of  adrenalin 
at  3  hour  intervals,  we  are  inclined  to  interpret  as  conclusive  proof  that 
glucose  retained  under  the  influence  of  sodium  carbonate  does  not  exist 
as  glycogen.  For  suggesting  this  method  of  procedure  we  are  indebted 
to  Dr.  Woodyatt. 

The  n^ative  result  in  Experiment  1  and  in  other  experiments 
similarly  p>erformed  led  us  to  think  that  the  sugar  which  was 
apparently  retained  might  have  been  excreted  through  other 
channels.  Therefore,  the  possibility  of  glucose  being  excreted  by 
the  saliva,  stomach,  and  intestine  was  investigated. 
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Appendix  to  Table  III. 

Mar.  14.    Final  experiment  on  Dog  8. 

1.35-1.47  p.m.  Saliva  collected  (ether  stimulation);  free  flow.  Safra- 
nin  test  positive,  Benedict  test  negative.  Fehling's  positive  afCer  standing 
over  night. 

1.50  p.m.  Ether  anesthesia  begun.  Trachea  exposed,  tracheal  cannula 
inserted  and  tied  in. 

1.58-2.02  p.m.  Left  femoral  artery  and  vein  exposed  and  cannulas 
tied  in. 

2.03-2.15  p.m.  Abdomen  opened.  Liver  found  shrunken  but  of  nor- 
mal color  and  consistency  and  adherent  to  duodenum.  Abdominal  cavity 
clean  but  intestines  matted  together  in  adhesions  at  site  of  removal  of 
pancreas.  No  pancreatic  remnants  found.  Adhesions  broken  up,  tube 
inserted  into  stomach  and  tied  into  esophagus,  cannulas  tied  into  pyloric 
ends  of  stomach  and  duodenimi  and  lower  end  of  ileum. 

2.30  p.m.  Stomach  and  intestine  washed  with  normal  saline  and  wash- 
ings discarded. 

2.45  p.m.  Duct  of  right  submaxillary  gland  exposed,  cannula  inserted. 
Chorda  tympani  nerve  exposed  and  stimulated  electrically  (indirect 
interrupted  current)  3.15-3.35  p.m.,  and  saliva  collected.  A  few  drops 
of  this  saliva  (mucin-free)  gave  a  voluminous  precipitate  both  with  Bene- 
dict's and  Fehling's  reagents. 

3.25  p.m.  Both  stomach  and  intestine  again  irrigated,  the  former 
with  500  cc,  the  latter  with  1,000  cc.  of  0.9  per  cent  NaCl.  Washingis 
collected,  acidified  with  acetic  acid,  heated  to  remove  protein,  ooncen-v 
trated  to  less  than  100  cc,  neutralised  and  rendered  alkaline  with  sodium 
carbonate,  and  tested  for  sugar.    None  found. 

3.21  p.m.  Blood  collected  from  left  femoral  artery  for  determination 
of  specific  gravity  and  blood  sugar. 

^       .^  .  r  1. 060  Hammerschlag  method,  using 

y         1 1.058     chloroform  and  bensene. 
Sugar  analysis 0.327  per  cent. 

3.30  p.m.  Injection  of  1  per  cent  NasCOi  solution  into  left  femoral 

vein  begun.  Rate  3  to  8  cc.    Total  amount  injected  200  cc. 

3.40  p.m.  Catheterized,  about  50  cc.  of  acid  urine  obtained. 

5.25  p.m.  Injection  of  carbonate  finished. 

5.20  p.m.  Chorda  tympani  nerve  again  stimulated  and  second  sample 
of  saliva  collected,  which  also  gave  both  »trong  Benedict  and  Fchling 
tests.  Not  as  strong  as  the  first  with  the  same  amount  of  saliva  and 
reagent. 

5.26  p.m.     Blood  collected  for  specific  gravity  and  blood  sugar. 

Specific  gravity (l  050 

Blood  sugar 0.378  per  cent. 

5.30  p.m.  Stomach  and  intestine  washed  with  nonnal  salt  solution 
as  before.     No  su^^ar  found  either  by  Benedict's  or  Fehling's  test. 

5.40  p.m.  Bladder  catheterized.  no  urine  obtained.  At  autopsy  the 
bladder  was  found  contracted  and  empty. 

5.48  p.m.     Dog  killed. 
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Examinalion  of  Saliva. 

The  saliva  of  Dog  8  (Experiment  3),  as  well  as  that  of  the  dog 
used  in  Experiment  5,  was  collected  at  least  once  each  day,  the 
quantity  obtained  varying  from  5  to  20  cc.  When  the  saliva 
did  not  flow  spontaneously,  a  flow  was  brought  about  by  ether 
fumes  blown  into  the  mouth.  Mucin  was  removed  by  adding 
acetic  acid  to  the  mixed  saliva  and  the  filtrate  tested  by  at  least 
one  of  three  tests,  Benedict,  Fehling,  or  safranin,  or  by  all  three. 

At  the  end  of  Experiment  3  the  animal  was  anesthetized,  the 
duct  of  the  right  submaxillary  gland  exposed,  a  cannula  inserted 
into  it,  and  saliva  obtained  by  stimulating  the  chorda  t3rmpani 
nerve  electrically  at  definite  intervals,  as  indicated  in  Table  III. 

In  Experiment  5  the  pancreas  was  removed  in  two  stages  at 
an  interval  of  4  days,  and  when  the  G :  N  ratio  reached  the  level 
of  2.89  saliva  was  collected  and  tested  for  sugar,  with  negative 
results.  Further  work  on  this  dog  was  rendered  impossible  by 
the  development  of  complications.  It  will  be  noted  that  even 
when  the  elimination  of  glucose  in  the  urine  was  maximal  the 
saliva  contained  no  sugar  (Table  IV),  nor  were  we  able  to  demon- 
strate any  appreciable  amount  of  sugar  after  feeding  meat  and 
carbonate. 

Examination  of  Feces  and  Intestinal  Secretions. 

Two  specimens  of  feces  were  collected  during  the  latter  part 
of  the  experiment  reported  in  Table  I.  These  were  extracted 
with  acidulated  water;  the  acid  extract,  heated  to  coagulate  the 
protein,  was  then  filtered,  and  the  filtrate  concentrated  to  small 
volume;  it  was  then  cooled,  neutralized,  and  examined  for  sugar, 
but  none  was  found  in  eitfier  instance. 

In  Experiment  3,  as  shown  in  the  protocol,  the  abdomen  was 
opened,  cannulas  were  tied  into  the  pyloric  end  of  the  stomach 
and  duodenum  and  also  into  the  lower  end  of  the  ileum.  The 
stomach  and  intestine  were  washed  at  definite  intervals  with  1 
liter  of  wann  salt  solution  both  before  and  after  the  intravenous 
injection  of  a  1  per  cent  sodium  carbonate  solution.  The  blood 
was  also  collected  before  and  after  the  administration  of  the  car- 
bonate, and  the  blood  sugar  and  specific  gravity  were  determined. 
The  changes  observed  in  the  blood  are  due  to  failure  of  the  kidney. 
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All  the  washings  were  acidified  with  acetic  acid,  heated  to  coag- 
ulate the  protein,  filtered,  the  filtrate  was  concentrated  to  100  cc. 
or  less,  and  then  made  up  to  100  cc.,  and  the  sugar  content  de- 
termined by  Benedict's  method.  Results  were  negative.  {See 
appendix  to  Table  III.) 
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TABLE  V. 
Experiment  6.    Dog  7.    Female ,  Weight  9  Kg,    DepancrecUized,  February  5,  19t6. 
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Appendix  to  Table  V.    Experiment  6. 

2.10  p.m.  Dog  anesthetized.  Left  Wharton's  duct  exposed  and  can- 
Hula  inserted.    Chorda  tympani  nerve  of  same  side  also  exposed. 

2.40  p.m.  Chorda  t3rmpani  stimulated  for  10  minutes  and  saliva  col- 
lected.   Contained  trace  of  glucose  (Benedict's  test).     • 

2.50  p.m.  Cannulas  tied  into  pyloric  end  of  stomach  and  duodenum 
and  lower  end  of  ileum ;  also  stomach  tube  inserted  into  stomach. 

3.50-4.00  p.m.  Stomach  washed  with  1,000  cc.  of  0.9  per  cent  sodium 
chloride  solution;  900  cc.  recovered.  No  reduction  found  after  removing 
proteins  by  acid  coagulation  and  heat  and  concentrating  to  100  cc. 

4.00-4.10  p.m.  Small  intestine  washed.  About  900  cc.  of  fluid  recovered. 
No  reducing  substance  found  after  similar  treatment. 

4.15  4.50  p.m.  160  cc.  of  16.36  per  cent  solution  of  c.  p.  glucose  (Merck's 
anhydrous)  injected  into  left  femoral  vein. 

4.55-5.05  p.m.  Second  intestincal  irrigation.  After  similar  treatment 
as  first  stomach  washing,  the  fluid  reduced  Benedict's  solution.  Amount 
too  small  for  quantitative  estimation  by  Benedict's  method. 
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5.05-^5.17  p.m.  Second  stomach  washing — 1,000  cc.  of  solution  used. 
Only  300  cc.  recovered.    No  reducing  substances  present. 

5.20-5.45  p.m.  170  cc.  of  1  per  cent  anhydrous  sodium  carbonate  in- 
jected into  left  femoral  vein. 

5.40-5.50  p.m.  Third  stomach  washing.  No  reducing  substances 
detected  in  wash.    All  fluid  recovered. 

5.50-6.00  p.m.  Third  intestinal  washing  contained  a  quantity  of  re- 
ducing substance  equal  to  0.104  gm.  of  glucose.    All  fluid  recovered. 

5.15  p.m.  Chorda  tympani  stimulated  and  saliva  collected.  Gave 
strongly  positive  test  with  Benedict's  qualitative  solution.  Two  drops 
of  saliva  gave  positive  test. 

Autopsy. — No  peritonitis.  Sloughing  at  site  of  adrenalin  injection. 
Lower  part  of  ileimi  adherent  to  abdominal  wound. 

The  first  part  of  Experiment  6  is  reported  as  a  control  showing 
that  when  lean  meat  is  fed  to  a  dog  after  repeated  injections  of 
adrenalin  the  G :  N  is  approximately  3.00.  Pancreatectomy  was 
performed  on  Feb.  6, 1915.  On  Feb.  8',  analysis  of  a  specimen  of 
urine  obtained  in  the  morning  yielded  a  G :  N  of  3.04.  The  dog 
was  fed  300  gm.  of  lean  beef  heart  and  3  gm.  of  extract  of  pancreas 
which  was  sugar-free.  200  gm.  of  beef  heart  and  1  gm.  of  pancre- 
atic extract  were  fed  after  removing  the  morning  urine.  The  urine 
on  analysis  gave  a  G:N  of  2.96.  The  urine  of  the  10th  was 
lost.  Four  doses  of  adrenalin  were  injected  subcutaneously 
at  3  hour  intervals  on  the  10th,  and  the  urine  obtained  at  8  p.m. 
on  the  same  day  showed  a  G :  N  of  4.77.  Adrenalin  injections 
were  then  discontinued  and  on  the  11th  and  12th  three  speci- 
mens of  urine  gave  G:  N  ratios  varying  from  0.81  to  1.69.  But 
after  the  administration  of  300  gm.  of  lean  meat,  of  which  150 
gm.  were  vomited,  the  ratio  again  returned  to  2.78,  the  typical 
Minkowski  ratio. 

The  procedure  in  the  second  half  of  this  experiment  was  similar 
to  that  adopted  in  Experiment  3.  The  stomach  and  intestinal 
contents  were  washed  out  before  and  after  infusion  of  glucose  into 
the  vein,  and  again  after  infusion  of  1  per  cent  sodium  carbonate. 
Only  in  one  instance  was  any  reducing  substance  obtained,  and 
this  may  have  been  due  to  failure  of  the  kidney  as  in  Experiment  3. 

In  Experiment  7  the  procedure  was  similar  to  that  in  the  third 
experiment  and  here  again,  although  25.o8  gm.  of  glucose  were 
retained  following  carbonate  injections,  none  of  it  appeared  in 
the  urine  as  extra  glucose  during  the  second  course  of  adrenalin 
injections. 
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DISCUSSION. 

Sansum  and  Woodyatt  (7)  observed  the  constant  increase  of  the  G:N 
varying  from  3.7  to  6  in  completely  phlorhizinized  dogs  on  administering 
ether,  nitrous  oxide,  or  other  narcotics.  Thus,  in  one  experiment  ether- 
ization for  10  minutes  yielded  3.88  gm.  of  extra  glucose.  In  a  second 
experiment,  30  minutes  of  anesthesia  brought  about  an  elimination  of 
7.98  gm.  of  extra  sugar;  and  in  the  third  experiment  the  same  dog  elimin- 
ated 11.26  gm.  of  extra  sugar  during  a  2  hour  anesthesia.  This  extra  sugar 
they  showed  to  be  derived  from  preformed  glycogen.  Hence,  it  may  be 
contended  that  etherization  favors  the  mobilization  of  glycogen,  for 
Macleod  and  Pearce  (9)  have  shown  that  in  anesthetized  dogs  there  is  a 
rapid  disappearance  of  glycogen  from  the  liver.  Nevertheless,  it  is  diffi- 
cult to  imagine,  in  view  of  Sansum  and  Woodyatt's  results,  that  more  than 
a  small  fraction  of  the  51.18  gm.  of  retained  glucos#  in  our  Experiment  1 
could  have  been  mob  lized  in  the  short  period  of  9  minutes  which  elapsed 
from  the  time  the  anesthesia  was  begun  until  the  first  specimen  of  liver 
was  removed.  It  might  also  be  contended  that  the  sugar  was  retained  as 
glycogen,  deposited  to  a  large  extent  in  the  heart  rather  than  in  the  liver 
or  in  the  muscle.  Cruickshank  (10)  has  shown  that,  while  the  percentage 
of  glycogen  in  hearts  of  normal  dogs  may'  be  as  high  as  0.5  per  cent,  in 
depancreatized  dogs  it  may  be  increased  up  to  1  per  cent.  That  these 
assumptions  will  not  suffice  to  explain  the  results  obtained  by  the  present 
writers  is  evident  from  Experiment  3  in  which  the  second  series  of  injections 
of  adrenalin  failed  to  bring  about  an  excretion  of  extra  sugar.  The  glyco- 
gen content  of  the  heart  muscle,  as  reported  in  Experiment  2,  agrees  well 
with  similar  analyses  reported  in  Cruickshank's  paper. 

Carlson  and  Ryan  (11)  have  reported  the  finding  of  glucose  in  the  saliva 
of  normal  cats,  the  quantity  of  sugar  present  depending  upon  the  gland 
from  which  the  saliva  was  obtained.  The  quantity  was  considerably  in^ 
creased  by  the  administration  of  ether  but  was  present  in  appreciable 
amounts  even  in  docile,  unanesthetized  cats,  so  that  sugar  could  be  readily 
detected  by  the  ordinary  Fehling  test.  These  writers  also  report  the 
case  of  a  man  whose  urine  contained  more  than  3.5  per  cent  of  sugar.  His 
L'aliva  gave  a  positive  safranin  test  although  phenyl  hydrazine  and  Feh- 
ling's  tests  were  both  negative.  In  the  animals  experimented  on  there 
seemed  to  be  a  proportionality  between  the  concentration  of  the  sugar  in 
the  blood  and  the  amount  of  glucose  in  the  saliva.  In  1904  MacCallum 
(12)  reported  the  observation  that  the  intravenous  infusion  of  a  m/6 
solution  of  sodium  chloride  in  sufficient  quantity  produces  a  hyperglycemia 
in  rabbits.  When  the  blood  sugar  reaches  a  certain  concentration  glucose 
is  excreted  by  the  kidneys,  and  if  the  kidneys  are  cut  off  from  the  cir- 
culation the  glucose  is  excreted  by  the  intestine  and  stomach.  In  a  sub- 
sequent experiment  MacCallum  found  sugar  being  excreted  into  the  in- 
testinal fluid  even  though  the  kidneys  were  actively  functionating.  He 
speaks  of  an  "intestinal  diabetes"  and  a  vicarious  functioninfc  of  the 
intestine  in  the  elimination  of  glucose  when  the  renal  function  is  defective. 
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Fisher  and  Moore  (13)  were  unable  to  confirm  MacCallum's  observationa. 
They  showed  that  simple  hyperglycemia,  induced  by  the  •  hypodermic  in- 
jection of  morphine,  by  diabetic  puncture,  or  by  the  intravenous  injection 
of  glucose  or  sucrose,  never  leads  to  an  elimination  of  sugar  into  the  gastro- 
intestinal tract.  But  if  a  solution  of  solium  chloride  is  injected  into  the 
animals  thus  treated  in  quantity  and  concentration  which  of  itself  does 
not  bring  about  the  excretion  of  sugar  into  the  intestinal  tract,  sugar  ap- 
pears in  detectable  quantities  in  the  stomach  and  intestine.  They  there- 
fore explain  MacCallum's  results  as  being  due  to  the  combined  effect  of 
morphine  and  sodium  chloride  and  interpret  their  own  results  as  being 
attributable  to  the  influence  of  the  sodium  ion  in  increasing  the  perme- 
ability of  the  intestinal  epithelium. 

The  most  recent  work  on  the  excretion  of  dextrose  into  the  stomach 
and  small  intestine  is  that  of  Kleiner  (14)  who  found  definitely  measurable 
quantities  of  dextrdlie  in  the  small  intestines  of  normal  rabbits,  but  the 
experimental  procedure  adopted  by  Kleiner,  which  involved  anesthesia, 
'  operation,  and  asphyxia  by  clamping  the  trachea,  would  tend  to  produce 
a  high  degree  of  h3rperglycemia.  Kleiner  found  more  sugar  in  the  intestine 
after  injecting  as  much  as  7  gm.  of  glucose  per  kilo  of  body  weight  in  20 
per  cent  solutions  than  when  4  gm.  of  glucose  per  kilo  in  11.4  per  cent  solu- 
tion were  injected.  Furthermore,  while  0.5  per  cent  of  injected  dextrose 
appeared  in  the  intestines  when  the  kidneys  were  active  and  the  larger 
quantity  of  glucose  was  given,  2.2  per  cent  appeared  when  the  smaller 
'  amount  was  administered  and  the  kidneys  cut  out  of  the  circulation. 

Both  Experiments  3  and  6,  of  our  own  series,  seem  to  show 
clearly  that  in  depancreatized  dogs  but  little  reducing  substance 
is  excreted  into  the  small  intestine  anjd  none  into  the  stomach. 
And  while  the  amount  eliminated  by  way  of  the  small  intestine 
may  be  somewhat  increased  by  the  injection  of  large  amounts 
of  glucose  into  the  circulation,  it  is  nevertheless  so  small  as  to 
exclude  any  vicarious  functioning  of  the  gastro-intestinal  tract 
in  the  excretion  of  sugar,  even  when  the  glycemia  is  very  high. 
Likewise,  the  quantities  of  glucose  eliminated  by  our  diabetic 
dogs  by  way  of  the  saliva  were  so  small,  even  when  the  hyper- 
glycemia must  have  been  very  high  as  a  result  of  the  combined 
effects  of  removal  of  the  pancreas  and  injections  of  adrenalin, 
as  to  have  no  bearing  upon  our  problem.  On  the  other  hand, 
when  the  amount  of  sugar  in  the  blood  is  still  further  increased 
as  a  result  of  anesthesia  or  the  direct  introduction  of  glucose  into 
the  circulation  in  massive  doses,  and  particularly  when  renal 
function  is  depressed  by  the  anesthetic  or  exposure,  then  con- 
siderable amounts  of  glucose  may  be  excreted  by  the  saliva. 
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It  would  seem  that  the  anesthetic  (ether)  increases  the  pennea- 
bility  of  the  epithelium  of  the  salivary  glands  to  the  sugar  of  the 
blood. 

While  it  is  realized  that  the  number  of  experiments  reported 
does  not  justify  sweeping  conclusions,  nevertheless  the  following 
may  be  tentatively  suggested.  (1)  Glucose  retaiiied  as  a  result 
of  the  administration  of  sodium  carbonate  to  depancreatized 
dogs  is  not  held  back  as  glycogen;  and  (2)  the  sugar  is  not  ex- 
creted by  way  of  the  saliva,  stomach,  or  small  intestine.  The 
question  whether  it  is  oxidized  and  other  related  questions  will 
be  treated  in  the  later  papers  of  this  series. 

In  conclusion  we  wish  to  thank  Professor  J.  T.  McClintock 
for  his  cooperation  in  this  research  and  also  others  who  kindly 
gave  us  their  assistance  in  the  operative  work. 
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PANCREATIC  DIABETES  IN  THE  DOG. 

ni.   THE  INFLUENCE  OF  ALKALI  ON  THE  RESPIRATORT  METABO- 
LISM AFTER  TOTAL  AND  PARTIAL  PANCREATECTOMY. 

By  J.  R.  MURLIN  and  B.  KRAMER. 

With  the  technical  assistance  op  J.  A.  Riche. 

{From  the  Physiological  Laboratory f  Cornell  University  Medical  College, 

New  York  City,) 

(Received  for  publication,  September  29,  1916.) 

The  preceding  papers  have  shown  that  alkali  may  cause  a 
complete  disappearance  of  sugar  from  the  urine  of  an  animal 
after  pancreatectomy  or  may  cause  the  retention  of  a  consider- 
able amount  of  ingested  glucose  without;  however,  leading  to  the 
formation  of  glycogen.  The  natural  inference  is  either  that  oxi- 
dation of  the  sugar  is  favored  or  the  inflow  of  sugar  from  the 
tissues  to  the  circulation  is  retarded  to  a  rate  slower  than  that 
by  which  it  makes  its  escape  from  the  body  by  the  kidneys. 
Either  effect  would  be  beneficial  to  an  organism  suffering  from 
a  diminished  pancreatic  function,  and  the  subject  merited  careful 
study. 

The  investigation  of  the  respiratory  metabolism  after  admin- 
istration of  sodium  carbonate,  the  salt  which  has  given  best 
results  in  the  study  of  the  glycosuria  and  hyx)erglycemia,  is 
attended  with  peculiar  difficulties.  The  sign  of  improved  oxi- 
dation of  glucose  is  a  rise  in  the  respiratory  quotient.  But  if 
any  carbon  dioxide  were  to  be  given  off  by  the  salt  itself,  whether 
set  free  in  the  stomach  by  hydrochloric  acid  and  vomited,  or  set 
free  by  neutralization  in  the  blood  with  acid  phosphate  and 
eliminated  through  the  breath,  a  rise  in  respiratory  quotient  of 
no  moment  for  the  real  processes  of  metabolism  would  be  obtained. 
The  most  careful  controls  had  consequently  to  be  made  and  the 
experimental  work  has  consumed  an  immense  amount  of  time. 

Our  conclusion  after  some  3  years'  intermittent  occupation 
with  the  problem  is  that  in  the  totally  depancreatized  dog  in 
good  condition,  i.f.,  not  moribund,  the  alkali  alone  is  almost 
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always  without  effect  on  the  respiratory  metabolism.  An  in- 
crease of  a  few  points  at  most  in  the  respiratory  quotient  may  be 
obtained.  With  the  partially  operated  animal,  however,  the 
result  is  striking  and  immediate.  Experiments  in  sufficient 
number  to  illustrate  these  facts  will  be  presented  in  detail.  In 
the  interest  of  brevity  many  negative  results  will  be  omitted 
entirely. 

We  have  obtained  some  evidence,  also,  that  pancreatic  material 
(whether  merely  as  an  extract  or  in  virtue  of  the  presence  of 
living  cells  we  are  not  yet  prepared  to  say)  is,  when  administered 
with  alkali,  of  distinct  benefit  to  the  diabetic  organism.  Because 
of  the  impossibility  of  longer  continuing  our  work  jointly  we  are 
obUged  to  leave  this  and  some  other  points  at  an  inconclusive 
stage. 

The  significant  experiments  on  animals  anatomically  wholly 
depancreatized  may  be  classified  as  follows:  (A)  negative  effects; 
(B)  experiments  of  doubtful  import;  (C)  positively  favorable 
effects.  On  partially  depancreatized  animals  we  have  only 
two  experiments  but  they  are  both  positive;  that  is  to  say,  both 
show  conclusive  evidence  of  improved  oxidation  of  glucose. 
BeUeving  that  these  results  are  of  hopeful  augury  in  the  treat- 
ment of  diabetes,  we  present  them  in  full. 

Criteria  of  Improved  Oxidation. 

* 

Throughout  this  work  we  have  relied  not  merely  upon  the 

respiratory  quotient  but,  wherever  possible,  have  calculated  the 
heat  production  as  well  and  when  the  after  effect  could  be  com- 
pared with  a  basal  metabolism  have  taken  note  of  the  dynamic 
action  of  the  ingested  glucose  (1). 

The  criterion  of  the  completely  diabetic  state  from  pancreatec- 
tomy is  a  respiratory  quotient  of  about  0.69.  Lusk  (2)  has  shown 
that  the  G :  N  ratio  which  Minkowski  found  to  be  typical  of  the 
depancreatized  dog  on  a  meat  diet,  namely,  2.8,  should  corre- 
spond to  a  respiratory  quotient  of  0.697.  La  Franca  (3),  Falta, 
Grote,  and  Staehelin  (4),  and  the  writers  (5)  have  elsewhere 
reported  quotients  for  totally  depancreatized  dogs  varying 
from  0.67  to  0.71.  Many  quotients  confirmatory  of  these  observa- 
tions will  be  found  in  the  following  pages.    A  discussion  of  the 
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relationship  between  respiratory  quotient  and  G:N  ratio  is 
reserved  for  a  later  paper.  The  experimental  procediu-e  has 
usually  been  the  following.  After  establishment  of  the  true 
diabetic  respiratory  quotient  (and  basal  metabolism),  alkali 
alone  or  alkali  with  glucose  was  administered,  sometimes  by 
stomach  tube,  sometimes  by  intravenous  infusion,  and  the 
animal  was  returned  to  the  respiration  machine  for  1  to  4  hours' 
observation.  In  a  few  instances,  not  here  recorded,  the  time 
has  been  extended  to  6  hoiu*s. 


Experiments  an  Totally  Depancreatized  Dogs. 

A.    Negative  tlffedts. 

Dog  Sf  a  young  female  bull  terrier,  weighing  about  8  kg.,  was  operated 
on  July  18,  1914.  3  days  later  the  G:  N  ratio  on  a  meat  diet  was  2.79. 
The  same  day  R.  Q.'s  of  0.71  were  obtained  before  and  after  administration 
of  17.89  gm.  of  pure  dextrose  by  stomach.^  On  the  22nd,  5  gm.  of  sodium 
carbonate  in  250  cc.  of  water  were  given  by  stomach,  and  quotients  of 
0.70,  0.71,  and  0.69,  successively,  were  obtained  in  the  4  hours  immediately 
following.  On  the  23rd,  with  the  G:  N  ratio  at  1.89,  the  following  experi- 
ment was  carried  out. 

TABLE  I. 
Dog  S.     Weight  8  Kg.    Pancreatectomy j  July  18,  1914, 


Date. 

Weight. 

Time. 

Respiratoiry  metabolism. 

Remarki. 

CO. 

Oi 

R.Q. 

1914 

July  23 

kg. 

7.7 

p.m. 

3.42-4.27 
4.27-5.13 

7.18-8.08 
8.03-S.49 

liten 

2.53 
2.68 

2.76 
2.85 

lUen 

3.66 
3.97 

3.82 
4  17 

0.69 
0.68 

. 
0.72 

0.68 

2.10-2.30   1.5  gm.  Na,CO« 
(anhydrous)    in   200  cc. 
distilled  water  infused  by 
vein. 

6.12-6.35  1.8  gm.  NasCOi 
(anhydrous)    in   100   cc. 
distilled  water  into  fe- 
moral vein;  10  gm.  glu- 
cose by  stomach  tube. 

It  is  possible,  judging  from  subsequent  experience,  that  not 
enough  glucose  was  given  in  this  instance  to  insure  penetration 
of  the  intestinal  wall  in  sufficient  amount  to  produce  a  pronounced 

^  See  Dog  3,  Paper  I  of  this  series. 
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rise  in  R.  Q.  The  slight  increase  from  0.68  to  0.72,  beginning 
within  an  hour  after  the  infusion  ceased,  is  not  regarded  as  of 
great  significance. 

t>og  54t  &  female  fox  terrier,  was  depancreatized  by  the  two  stage  oper- 
ation. All  the  organ  except  a  small  portion  of  the  uncinate  process  en- 
grafted under  the  skin  at  the  abdominal  incision  was  removed  on  June  23, 
1916.  For  a  week  the  dog  was  fed  the  mixed  diet  employed  by  one  of  us 
in  a  series  of  papers  on  the  pregnancy  of  the  dog  (6)  and  known  in  the 
papers  of  Professor  Lusk  as  ''the  standard  diet."  On  June  30  the  graft  was 
removed  and  the  animal  promptly  became  diabetic.  Some  preliminary 
observations  on  July  3  and  5  proved  that  the  dog  still  had  some  capacity 
to  oxidize  glucose  but  on  the  6th  this  capacity,  as  judged  by  the  respiratory 
quotient,  had  wholly  disappeared. 

TABLE  II. 

Dog  64'    Female  Fox  Terrier.    Weight  7  kg.    Pancreatectomy:  First  Stage. 
Graft  under  Skinj^June  2Sf  1916;  Second  Stage,  June  SO,  1916.     Mixed 

Diet  between  Operations. 


• 

Temper- 
ature. 

• 

Respiratory  metabolism. 

Dmto. 

1 

kg. 

Time. 

Remarks. 

CO, 

o. 

R.Q 

1916 

•c. 

lUera 

liUn 

July    6 

b.l 

38.2 

10.46-11.46 

2.07 

2.90 

0.71 

Basal,  t  .€.,  following 

11.46-12  46 

2.34 

3.44 

0.68 

food  evening  be- 
fore. 

• 

1  p.m.  30gm.  glucose 
in  200  cc.  Ringer's 
solution  -f  0.05N 
NaOH   by   stom- 

1.49- 2.49 

2.53 

3.62 

0.70 

ach. 

2.49-  4.05 

3.71 

5.11 

0.71 

4.05-^  5.05 

2.79 

3.98 

0.70 

Dog  urinated  or 
vomited  2.05,  af- 

. 

ter  2.50,  and  dur- 
ing third  period. 

"     8 

h.lo 

38.0 

10.17-11.24 

2.34 

3.20 

0.71 

Basal. 

11.24-12.19 

2.22 

3.03 

0.71 

12.40,  30  gm.  glu- 
cose in  200  cc. 
Ringer's  solution 
-f  0.05  N  NaOH 

3.01-  4.00 

2.57 

3.71 

0.69 

by  stomach. 

4.00-  5.00 

3.04 

4.32 

0.70 

o.OO-  5.58 

2.94 

4.13 

0.71 

Urinated  during 
every  period,  but 
lapped  it  up  at 
once. 
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TARTiE 

n—CancltuieQ 

L. 

• 

1 

§1 

RMpirmtoty  meUbohsm. 

Dmte. 

Time. 

kg. 

s 

CJOt 

Oi 

R.Q. 

me 

•c. 

liUn 

Uten 

July   9 

2.15  p.m.  200  cc. 
Ringer's  solution 
+  0.05  N  NaOH 
+  pancreas  ex- 
tract by  stomach. 

"   10 

5.8 

38.4 

10.47-12.04 

2.66 

3.91 

0.68 

Basal. 

12.04-  1.04 

2.31 

3.22 

0.72 

2.30  p.m.  200  cc. 
pancreas  extract 
in  Ringer's  solu- 
tion +  0.05  N 
NaOH   by  stom- 

2.45- 4.00 

2.66 

3.79 

0.70 

ach  tube. 

4.00-  4.40 

1.78 

2.55 

0.70 

"    11 

5.9 

38.2 

11.45-12.15 

150  cc.  pancreas  ex- 
tract in  Ringer's 
solution  +  0.05 
N  NaOH  intra- 
venously. 

12.35  p.m.   30   gm. 

12.52-  1.52 

2.62 

3.74 

0.70 

glucose  by  stom- 

- 

1.52-  2.52 

3.57 

5.01 

0.71 

ach  tube. 

We  shall  see  later  that  a  similar  treatment  with  pancreatic 
mibetance  in  Ringer's  solution,  made  alkaline  to  0.05  n  ^^dth 
pure  sodium  hydroxide,  given  with  sugar  gives  in  some  instances 
a  marked  rise  of  quotient  and  of  heat  production.  In  the  pres- 
ent instance,  however,  it  failed  completely.  So  far  as  is  known, 
the  experimental  conditions  were  good  except  for  the  fact  that 
the  animal  urinated  frequently  in  the  metabolism  cage.  The 
dog  was  always  quiet  at  the  termination  of  the  periods  and  we 
have  always  found  that  the  residual  analyses  for  water  and 
carbon  dioxide  in  the  air  of  the  cage,  with  corrections  for  tem- 
perature and  pressure  variations  which  we  employ,  are  reliable  (7). 
Our  only  explanation  for  complete  failure  in  this  instance  is  that 
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the  latent  time'  within  which  the  favorable  effect  of  alkali  may 
be  expected  varies  considerably  in  diffe^nt  animals,  and  that 
the  present  case  is  one  in  which  a  much  longer  time  than  we 
allowed  might  be  necessary. 

B.  Experiments  of  Doubtful  Import. 

Two  of  om-  experiments  on  the  respiratory  metabolism,  while 
positive  in  character,  are  of  doubtful  import  because  of  peculiar 
circumstances. 

Dog  7  (Paper  I,  page  489),  a  black  female,  weighing  about  4  kg.,  had  re- 
fused all  food  for  4  days  previous  to  operation  and  had  continued  to  fast 
for  2  days,  whereupon  the  urine  was  found  to  be  free  of  sugar.  On  the  2nd 
day  sodium  bicarbonate  had  called  out  in  2  hours  sugar  in  sufficient 
amount  to  make  a  G :  N  ratio  of  2.61  (page  489).  On  the  8th  day  following 
pancreatectomy  the  dog  had  excreted  in  24  hours  only  13.68  gm.  of  glucose 
out  of  17.89  gm.  of  pure  dextrose  (Merck)  given  by  stomach  tube  and  had 
3rielded  respiratory  quotients  indicating  combustion  of  some  carbohydrate. 
On  the  28th,  the  9th  day,  the  experiment  below  was  carried  out. 

TABLE  m. 
Dog  7.     Weight  4  Kg.    Pancreatectomy t  Augttst  19y  1914- 


Respiratory  metabolism. 

Date. 

Time. 

OOt 

o« 

R.Q. 

1914 

lUert 

liters 

Aug.  28 

10.30  a.m. 

Given  20  gm.  glucose 
(Merck)  by  stomach 
tube. 

12. 10-1. 10  p.m. 

2.37 

2.96 

0.80 

1.20-2.20 

3.37 

4.28 

0.79 

200  cc.  0.5  per  cent 
NatCXDi  by  vein,  fin- 
ished at  3.50  p.m. 

4.00  p.m.  20  gm.  glu- 
cose (Merck)  by  stom- 

5.04-5.54 

2.45 

2.87 

0.86* 

ach  tube. 

*  This  was  a  perfect  period,  but  the  apparatus  developed  a  leak  in  the 
one  following  and  the  experiment  had  to  be  discontinued. 

The  peculiar  circumstance  in  connection  with  this  animal 
was  that  the  pancreas  was  found  to  be  sclerotic  and  brittle.  It 
shelled  out  of  its  sheath  almost  like  cold  fat.  Whether,  in  view 
of  this  fact  and  the  absence  of  anything  resembling  pancreatic 
cells  in  the  surrounding  tissues,  the  case  should  be  classed  as  one 
demonstrating  the  benefit  of  fasting,  we  are  uncertain.     There  was 

'  See  Paper  I  of  this  series. 
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a  positive  reaction  to  the  alkali  and  sugar  but  the  case  is  atypical 
among  our  positive  results  with  totally  depancreatized  animals. 
It  behaved  more  like  a  partially  operated  dog  (see  below). 

Dog  to,  operated  10  days  previous  to  the  observations  on  the  respiratory 
metabolism,  had  eaten  well  and  had  exhibited  perfect  Minkowski  ratios. 
On  Dec.  21,  1914,  on  a  meat  and  lard  diet,  the  G:  N  in  the  morning  urine 
was  2.72.  Sodium  carbonate  was  given  with  the  food  on  this  day  and  the 
next  morning  the  G;  N  had  fallen  to  1.62.  On  the  23rd,  following  meat 
and  lard  and  more  carbonate  on  the  evening  of  the  22nd,  the  urine  drawn 
by  catheter  at  9.55  was  clear  of  sugar.  The  blood  sugar  had  fallen  to 
0.11  per  cent. 

TABLE  IV.  , 

Dog  to.    Weight  9.6  Kg.    Pancreatectomy  December  11,  1914. 


Time. 

Uriiie. 

Reqnratory 

Date. 

• 

-a 

•^d 

1 

Remarks. 

1 

Total 
ooee. 

3t 

•  • 

COi 

Os 

R.Q. 

S 

^- 

o 

1914 

liUn 

liUrt 

Dec.  21 

9.45  a.m. 

Catheter. 

4.76 

1.75 

2.72 

1 .  10  p.m. 

« 

3  33 

088 

3.79 

6.00    " 

B 

300  gm.  meat, 
30  gm.  lard, 
15  gm.  bone 
ash,  2  gm. 
NatCO,. 

"   22 

10.05  a.m. 
1.10  p.m. 
1.15    " 

« 

16.78 
0.0 

10.34 
1.19 

1.62 

■» 

Same  diet. 
All  eaten  be- 
fore 4.30.  2 
gm.  NaiCOt 
extra  at  6 
p.m. 

"   23 

9.45  a.m. 
9.55 

Cage. 
Catheter. 

2.07 
0.0 

12.00 

0.17 

0.11  per  cent 
sugar  in 
blood. 

10.00-10  15 

30  gm.  gluc< 

Me  -I-  2  gm.     NasCOj  by  vein. 

11.30 

0.40     " 

12.23-  1.23 

2.746 

3  ail 

0.90 

1.23-  2  23 

2  886 

3  387 

0.85 

2  23-  3  23 

2.625 

3.072 

0  85 

"    24      Autopsy:  : 

^o  pancreatic 

;  tissue. 
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When  30  gm.  of  sugar  and  2  gm.  of  sodium  carbonate  (anhy- 
drous) were  given  by  vein  at  10  a.m.  and  the  dog  was  placed  in  the 
respiration  apparatus,  quotients  of  0.90,  0.85,  and  0.85,  succes- 
sively, were  obtained.  The  dog  had  eaten  well  up  to  the  night 
before  and  seemed  in  good  condition  for  the  experiment  but  was 
found  dead  the  next  day,  and  we  had  no  opportunity  to  establish 
further  controls.  It  may  be  remarked  here  that  the  same  glucose 
(Merck's  dextrose),  when  aerated  with  a  1  per  cent  solution  of 
sodium  carbonate,  gave  ofif  no  carbon  dioxide.  Hence,  the 
result  is  probably  due  to  a  true  combustion,  but  a  combustion 
which  cannot  of  necessity  be  ascribed  to  the  ti:eatment.  Prob- 
ably every  student  of  pancreatic  diabetes  in  the  dog  has  witnessed 
improvements,  especially  as  regards  the  excretion  of  sugar,  a 
day  or  two  previous  to  the  death  of  the  animal.  Minkowski  (8) 
states  that  sugar,  which  at  the  height  of  the  diabetes  is  excreted, 
will,  at  a  stage  when  the  animal  is  scarcely  able  to  move,  be  held 
back,  and  that  twice  in  his  long  experience  he  had  seen  sugar  en- 
tirely disappear  from  the  urine.  Minkowski  thought  the  change 
was  due  to  a  falling  off  in  sugar  production  rather  than  the  vica- 
rious participation  of  some  other  organ.'  Whatever  explana- 
tion is  finally  found  for  the  disappearance  of  sugar  will  probably 
cover  the  apparent  improvement  now  ascertained,  we  believe, 
for  the  first  time,^  regarding  the  respiratory  metabolism. 

C.  Positive  Effects  with  Sodium  Hydroxide  and  Pancreatic  Extract, 

Three  instances  of  clear-cut  beneficial  effects  on  the  respiratory 
metabolism  of  completely  depancreatized  dogs  by  the  admin- 
istration of  sodium  hydroxide  in  Ringer's  solution  may  now  be 
cited.  In  two  of  them  pancreatic  extract  was  given  with  the 
alkali. 

Dog  4S  exhibited  on  the  2nd  day  after  operation  an  average  R.  Q.  of 
0.70  and  the.  same  3  days  later.  Since  the  R.  Q.  seems  to  be  a  safer 
criterion  than  the  G:N  ratio,  one  feels  no  hesitation  in  saying  that  this 
dog,  fed  right  along  on  meat  diet,  was  actually  an  instance  of  total  dia- 
betes. Nevertheless,  by  administration  of  175  cc.  of  0.1  N  sodium  hy- 
droxide in  Ringer's  solution,  the  R.  Q.  was  raised  some  five  points  and 

*  Minkowski  (8),  page  110. 

♦Several  other  instances  of  this  could  be  cited  from  our  own  results. 
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TABLE  V. 


Dog  4S.     Young  Female.    Weight  about  7.0  Kg.    Pancreatectomy 

December  t,  1916. 


Tem- 

Respiratory  metaholiBin. 

CXhin 

Susar 

Date. 

Weight. 

perar 
ture. 

Time. 

venous 
blood. 

in 

COi 

o» 

R.Q. 

blood. 

1916 

kg. 

•c. 

UUrt 

litert 

per  cent 

per  cent 

Dec.  3 

38.2 

J 

"     4 

6.80 

38.2 

11.45^  1.03 
1.03-  1.45 

4.290 
2.252 

5.944 
3.324 

0.72 
0.68 

"     7 

6.35 

38.0 

10.26-11.26 

2.593 

3.773 

0.69 

11.26-12.26 

2.832 

3.946 

0.72 

52.17 

0.29 

1.05-  1.20 

Infusion    by    jugular    vein    of 
175  cc.   Ringer's  solution  + 
O.lNNaOH. 

2.55-3.55 

3.067 

4.019 

0.76 

3.55-  5.00 

3.322 

4.414 

0.75 

65.52 

0.24 

the  total  heat  production,  as  judged  by  the  oxygen  intake,  was  also 
augmented.  The  larger  percentage  of  (X>t  in  the  venous  blood  shows 
that  the  R.  Q.  would  have  been  even  higher  if  all  had  been  eliminated. 
The  dog  was  quiet  throughout.  No  sugar  was  given,  but  there  was 
abundance  of  it  in  the  circulation  and,  if  the  dynamic  effect  and  the 
rise  in  R.  Q.  together  do  not  indicate  combustion,  then  we  have  no 
criteria  which  can  be  relied  upon. 

Dog  61,  by  all  criteria  was  completely  diabetic  on  the  3rd  day  following 
pancreatectomy.  Ringer's  solution*  plus  1  per  cent  sodium  carbonate  by 
vein  did  not  affect  the  R.  Q.  on  the  6th  day  although  the  G :  N  was  dis- 
tinctly lower  2  days  later  and  a  second  dose  did  not  reduce  it  further;  in 
fact,  there  was  a  slight  rise  in  G :  N.  4  days  after  this — the  12th  since 
operation — a  dose  of  Ringer's  solution,  in  which  the  pancreas  of  two  dogs 
had  been  allowed  to  macerate  under  toluene  for  2  months  in  the  ice  box, 
was  made  alkaline  to  the  extent  of  0.05  n  by  addition  of  pure  sodium  hy- 
droxide and  was  given  with  30  gm.  of  pure  dextrose  by  stomach  tube. 
Immediately  preceding  the  experiment  the  R.  Q.  had  been  at  the  level  of 
complete  diabetes.*  The  effect  on  the  R.  Q.  and  on  the  heat  production 
was  seen  within  an  hour.    Some  doubt  was  thrown  on  the  results  by  vomit- 


'  Adding  sodium  carbonate  to  Ringer's  solution  precipitates  the  cal- 
cium as  carbonate,  but  this  does  not  interfere  with  its  administration 
intravenously,  as  the  carbonate  probably  rapidly  becomes  bicarbonate 
by  taking  up  more  carbon  dioxide. 

•  Murlin  (7).  The  probable  error  on  the  respiratory  quotient  for  two 
successive  periods  with  the  respiration  incubator  which  was  used  in  all 
this  work  is  not  more  than  =^  0.02. 
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TABLE  VI, 

Dog  51.    Panereaieetomy  May  17,  1916. 


9.59-10.59 
10. 59-11. B 
12.10  p.m. 
10,00  a.m. 
10, 40-11. M 
11.40-12.40 
1,52  p.n: 
2,45-3.00 


Dog  fed  standud 
diet  of  meat  and 
lard. 


aivenl40cc.  1  per 
cent  NaiCOi  in 
Rioger'e  solution 
by  jugular  vein. 

Dog  urinated  in 
cage    and   defe- 


2  35p.u: 

4.35     " 
9.53  a.ir 
10.49-11.49 
11.4&-12,49 
1  05  p.m. 


3  2.S-  3  2 
;t  2ft-  4  2S 


4.385.8tJ 
4,3(1 


0.75 
0.78 


Injected  150  cc. 
Ringer'  b  so  lutton 
freahlymsde-f  1 
per  cent  NaiCOi 
by  femoral  vein. 


Given  200  cc.  Ring- 
er's solution  + 
0.05  N  NaOH  + 
pancreas  extract 
+  30  gm.  glu- 
cose by  atomaeh. 

Dog    vomited    in 
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1l' 

Rnpintory 

Dm*. 

1 

Time, 

n 

« 

a; 

Cida«i 
perhr. 

Remub. 

o 

a 

CO, 

O, 

H.y 

I»U 

*». 

Itm 

liun 

May  31 

7.55 

10.03  a.m. 
10.10     " 

12,14-  1.14 
1.14-  2-14 
2,32  p.m. 
2.36     " 

3,04-4.04 
4  04-5  0* 

0.52 

LS 

3.58 
3.57 

3.74 
4.42 

»,57 
4.«] 

4-76 
5-09 

0,79 
0.77 

0.79 
0.87 

20  39 
20-39 

21.30 
23.41 

Given  30  gm.  glu- 
cose bj>  stommch 
tube. 

Girea  30  gm-  glu- 
cose in  Ringer's 
solution +0.05  If 
NaOH  +  pan- 
creas extract  by 
stomach  tube. 

Judo    1 

7.35 

9.05  a.ni. 
9,42-10,42 
10.42-11.42 
1.52  p.m. 

0-2t 

0.13 

1.5 

2.77 
3.12 

3.54 
4,01 

0,78 
0,78 

"     2 

7.26 

9.46  ft.m. 
10.27-11  27 
11.27-12  27 
12,45  p.m. 

I  55-2,55 
2.55-3.55 
3.55-  4.55 

2  85 
3-21 

3  16 
3  55 
4,46 

3  65 
4.42 

4,11 

i  SO 
5.74 

0.78 
0  72 

0,76 
0  72 
0,75 

200  cc.  Ringer's 
solution  +  0.05 
N  NaOH  +  p»n- 
ereaa  extract  + 
50  gm.  glucose 
by  stomach  tube. 

ing  in  the  respiration  chamber  and  the  enperimeat  was  repeated  2  days 
later.  To  our  surprise,  the  R.  Q.  after  sugar  alone  was  even  higher  than 
before,  but  again  the  combination  of  alkali,  pancreas  extract,  and  sugar  in 
Ringer's  solution  carried  it  to  a  higher  level.  This  time  the  heat  produc- 
tion could  be  accurately  calculated  because  the  urinary  nitrogen  was 
obtainable  and  showed  again  what  was  clearly  indicated  by  the  rise  in 
oxygen  absorption  in  the  first  instance;  namely,  a  considerable  dynamic 
effect  from  the  increased  combustion.  Subsequent  attempts  to  raise  the 
quotient  still  further  by  giving  more  glucose  did  not  succeed.    It  is  worthy 
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of  note,  however,  that  Dog  51  lived  for  11  da3r8  following  the  last  attempt 
and  continued  to  eat  a  mixed  diet  for  more  than  a  week. 

Several  animals  {e.g..  Dog  54)  were  sacrificed  in  the  attempt 
to  repeat  this  experiment  on  Dog  51  but  with  only  partial  success 
thus  far.  An  increase  of  ten  points  in  the  quotient,  with  an 
accompanying  dynamic  action,  in  an  animal  known  to  be  com- 
pletely deprived  of  internal  pancreatic  function  at  a  time  when 
the  deficiency  wa©  most  serious,  is  the  most  hopeful  sign  we  have 
encountered  in  our  work  that  it  may  yet  be  possible  artificially 
to  restore  this  function  not  only  to  operated  dogs  but  also  to 
men  suffering  with  diabetes  melUtus.  Consequently,  we  have 
spared  no  pains  to  repeat  the  experimental  conditions  under 
which  the  above  results  were  obtained. 

Dog  6S  is  the  only  other  animal  which  has  yielded  profitable  results. 
Here  again  the  dog  is  known  to  have  been  completely  diabetic  at  the 
start.  The  first  administration  of  alkaline  Ringer's  solution  containing 
pancreas  extract  and  sugar  raised  the  quotient  very  distinctly  the  second 
hour,  and  by  a  second  trial  the  quotient  was  kept  at  a  level  indicating 
the  combustion  of  protein  with  all  the  glucose  it  can  3rield.  The  third 
attempt  (on  June  29)  resulted  in  only  partial  success  as  there  was  evi- 
dently a  leak  in  the  apparatus  the  first  hour.  The  dog  was  fed  a  large 
amount  of  carbohydrate  following  this  experiment,  with  the  hope  of 
filling  up  the  glycogen  reservoirs  and  of  obtaining  something  approach- 
ing normal  combustion  the  next  day,  but  the  next  morning  the  dog  was 
found  dead  from  some«unknown  cause.  The  respiration  apparatus  was 
checked  frequently  by  combustion  of  alcohol  during  this  season  of  work 
and  is  known  to  have  been  in  perfect  condition. 

Possible  Rdle  of  Pancreatic  Extract, 

So  far  as  known  to  the  writers,  nobody  hitherto  has  prepared 
a  pancreatic  extract  on  the  assumption  that  the  alkali  which 
the  pancreas  is  capable  of  producing  may  be  of  some  significance 
for  its  internal  function  as  well  as  for  its  external  enzymes.  As 
will  be  seen  from  Paper  IV  of  this  series,^  there  is  some  ground 
for  such  an  assumption;  hence,  it  would  seem  that  a  pancreatic 
extract  designed  to  replace  the  lost  hormone  should  be  contained 
in  an  alkaline  medium.  Allen  (9)  has  emphasized  the  fact  that 
pancreatic  extracts  cannot  be  expected  to  replace  the  natural 

'  To  be  published  later. 
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TABLE  Vn. 
Dog  6S.    Pancreatectomy  June  tS,  1916, 


Rflspiratosy  metaboliam. 

Date. 

Weight. 

Time. 

BemarlcB. 

OCh 

Oi 

K.Q. 

t916 

kg. 

liten 

liien 

June  26 

6.33 

11.10-12.10 

3.01 

4.48 

0.67 

250  gm .  lean  beef  for  diet. 

12.10-  2.05 

3.01 

4.40 

0.69 

2.05-3.05 

2.44 

3.33 

0.73 

"   27 

6.25 

10.04r-ll.00 

3.13 

4.22 

0.70 

11.00-12.00 

3.33 

4.74 

0.70 

12.05 

Given  200  cc.  Ringer's 
solution  +  pancreas 
extract  +  0.05^  NaOH 
+  30  gm.  dextrose  by 
stomach  tube. 

1.14r-  2.14 

3.72 

5.16 

0.72 

2.14-3.14 

3.70 

4.45 

0.83 

"  28 

12.30 

Given  200  cc.  Ringer's 
solution  +  pancreas 
extract  +  0.05n  NaOH 
+  30  gm.  dextrose  by 

. 

stomach  tube. 

6.40 

1.07-  2.07 

3.92 

5.09 

0.77 

2.07-  3.07 

3.72 

4.69 

0.79 

3.07-  4.07 

4.10 

5.68 

0.72 

"  29 

5.90 

10.00-11.00 

3.05 

4.11 

0.74 

11.00-12.00 

2.76 

3.59 

0.77 

12.45 

Given  200  cc.  Ringer's 
solution    +    pancreas 

extract + 0 .  05  n  NaOH 
by  stomach  tube. 

3.35-4.35 

2.92 

4.30 

0.68? 

Leak. 

4.35-5.35 

2.60 

3.30 

0.79 

product,  which  is  essential  to  the  combustion  of  carbohydrate, 
unless  the  pancreatic  cells  are  preserved.  Acting  on  this  sug- 
gestion and  emboldened  by  the  announcement  of  Kleiner  and 
Meltzer  (10)  that  an  "emulsion"  of  pancreatic  material  had 
appeared  to  afford  some  assistance  in  disposing  of  extra  sugar 
injected  into  the  circulation  of  diabetic  animals,  we  prepared 
the  extracts  used  in  the  preceding  experiments  by  grinding  fresh 
dog  pancreas  in  Ringer's  solution  and  placing  the  resulting  suspen- 
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sion  in  the  ice  box  for  several  weeks.  At  the  end  of  this  time  it 
was  filtered  through  cloth  rendered  alkaUne,  as  already  described, 
and  administered.  The  two  successes  recorded  are  possibly 
confirmatory  of  the  findings  of  Kleiner  and  Meltzer  although  it  is 
impossible  to  state  this  positively  until  the  authors  reveal  their 
method  of  preparing  their  pancreatic  ''emulsion."  It  is  also 
possible  that  the  failures  which  we  are  obliged  to  admit  may  be 
due  to  some  variation  in  the  mode  of  preparation  of  the  pan- 
creatic material,  to  the  length  of  time  the  material  was  permitted 
to  extract  in  the  ice  box,  for  example,  or  to  the  interval  which 
elapsed  between  the  time  the  pancreas  was  removed  and  treat- 
ment begun. 

In  view  of  the  fact  that  we  have  had  many  failures  to  influence 
the  respiratory  quotient  more  than  two  or  three  points  with 
alkaU  and  glucose  alone  (Table  V,  page  491)  on  animals  anatomic- 
ally completely  deprived  of  the  pancreas,  and  in  view  of  the 
much  more  striking  effects  to  be  seen  presently  on  partially 
operated  animals,  our  inclination  at  present  is  to  look  upon  Dog 
45,  treated  with  alkali  alone,  as  one  which  had  some  residual 
potential  for  oxidation  of  glucose,  and  that  the  alkali  only  re- 
stored a  missing  condition. 

PartiaUy  Depancreatized  Dogs^ 

• 
Dog  S7  was  deprived  of  its  pancreas  on  Aug.  3,  1915,  only  about  2  gm. 
of  pancreatic  tissue  being  left  around  the  duct.  The  method  of  procedure, 
in  brief,  was  as  follows :  The  basal  metabolism  was  determined  for  two  or 
more  hourly  periods  on  different  days  and  also  preliminary  to  the  adminis- 
tration of  glucose  or  carbonate  or  both.  Having  determined  the  basal 
metabolism,  50  gm.  of  glucose  were  given  by  stomach  tube  (if  not  promptly 
taken  by  the  dog  when  offered  with  the  food)  and  the  respiratory  exchange 
determined  for  several  hourly  periods.  On  subsequent  days  50  gm.  of 
glucose  and  3  gm.  of  sodium  carbonate  or  3  gm.  of  carbonate  alone  were 
given  per  oa  and  the  previous  procedure  repeated.  The  results  are  given 
in  Table  VIII. 

It  will  be  noted  that  from  Aug.  9  to  Sept.  9  the  basal  metabolism 
as  measured  by  the  oxygen  consumption  remained  practically 
the  same;  likewise  the  basal  respiratory  quotient.  Nevertheless, 
while  on  Aug.  23  the  administration  of  50  gm.  of  glucose  was 
followed  by  an  average  rise  in  quotient  of  eleven  points,  the 
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administration  of  an  equal  quantity  of  glucose  on  Sept.  6  pro- 
duced an  increase  in  quotient  of  but  two  points  and  that  in  only 
one  period.  The  administration  of  carbonate  along  with  the 
glucose  raised  the  respiratory  quotient  on  Aug.  28  to  an  average 
of  0.94,  or  seventeen  points  above  the  basal  level,  and  on  Sept.  4 
to  0.90,  or  thirteen  points  above  the  basal  level,  although  the 
administration  of  carbonate  alone,  both  on  Aug.  31  and  Sept.  8, 
produced  no  efifect  on  the  respiratory  quotient.  It  is  worthy 
of  note  that  the  total  heat  production  after  carbonate  was 
lower  than  the  basal  metabolism.  To  sum  up  the  observations 
on  this  dog,  we  may  say  that  a  partially  depancreatized  dog  fed 
on  ''standard  diet"  (consisting  of  150  gm.  of  lean  meat,  30  gm. 
of  lard,  and  50  gm.  of  cracker  meal)  with  the  occasional  addition 
of  50  gm.  of  glucose  showed  a  gradual  loss  in  ability  to  oxidize 
glucose,  and  that  this  function  was  decidedly  improved  in  each 
instance  by  the  oral  administration  of  sodium  carbonate  with  the 
glucose.  The  fact  that  the  administration  of  carbonate  alone 
was  foUow^ed  neither  by  a  rise  in  quotient  nor  by  an  increase  in 
carbon  dioxide  elimination  per  hour  makes  us  believe  that  the 
rise  in  quotient  after  carbonate  and  sugar  can  mean  only  in- 
creased glucose  oxidation. 

TABLE  IX. 
Dog  4^,    Control  of  Effect  of  NoaCOt  on  the  Normal  Dog. 


Date. 

Food,  etc. 

Period. 

Reepinttary  metabolism. 

OOt 

o« 

ItQ. 

t9U 

liUr» 

UUr» 

Sept.  22 

Standard  diet*  previous 
day. 

1 
2 

3.787 
2.912 

5.103 
3.878 

0.74 
0.75 

"     23 

Standard  diet  previous 
day  5  p.m. 

1 
2 
3 

3.032 
3.188 
3.317 

3.941 
4.271 
4.477 

0.77 
0.75 
0.74 

"     24 

Standard  diet  and  6  gm. 
NatCOs  evening  be- 
fore.    200  cc.   1   per 
cent  XajCOj  just  be- 
fore experiment. 

1 
2 
3 

4.066 
3.761 
2.860 

5.411 
4.820 
3.445 

0.75 
0.78 
0.79t 

*  Beef  heart,  lard,  and  cracker  meal,    t  Note  lower  COt. 
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In  spite  of  these  carefully  controlled  observations,  it  might 
still  be  contended,  as  intimated  in  the  first  part  of  this  paper, 
that  the  rise  in  quotient  after  administration  of  combined  glucose 
and  carbonate  was  due  to  Uberation  of  carbon  dioxide  from  the 
salt  by  the  hydrochloric  acid  of  the  gastric  juice  or  that  the 
carbonate  might  itself  give  off  carbon  dioxide  while  circulating 
in  the  blood.  To  satisfy  ourselves  that  such  was  not  the  case, 
two  experiments  were  done  on  normal  dogs,  Nos.  42  and  43.  In 
one  of  these  experiments  the  basal  metabolism  was  determined 
after  24  and  again  after  72  hours  of  fasting,  and  then  2.5  to  5  gm. 
of  sodium  carbonate  were  given  by  mouth  and  the  respiratory 
exchange  determined  for  several  hourly  periods.    As  seen  in  the 


TABLE  X. 

Dog  4S.    Control  of  Effect  of  NotCOi  on  Normal  Dog. 


Dftte. 


ms 
Sept.  28 


PreviouB  diet. 


Fasting  24 
hrs. 


It 


Experi- 
ment. 

Period. 

Respiratory  metaboliBm. 

Nper 
hr. 

CO, 

o. 

R.Q. 

liters 

liUn 

Basal. 

1 

3.056 

4.186 

0.73 

0.166 

2 

3.076 

4.284 

0.72 

0.166 

3 

2.975 

3.928 

0.76 

0.166 

Average 

3.035 

4.132 

0.74 

irs.  afte 

r  5  sm.  ^ 

[a,CO« 

the  e^ 

renins 

before 

CaloriM 
hr. 


19.42 
19.88 
18.30 
19.20 


gm.  NatCOi  in  300  cc.  water  just  before  the  experiment. 


1 

3.294 

4.502 

0.73 

0.194 

20.90 

• 

2 

3.209 

4.017 

0.80 

0.194 

18.93 

3 

3.142 

4.460 

0.70 

0.194 

20.67 

Average 

3.215 

4.326 

0.74 

20.17 

"  30 

Fasting  72 

1 

3.434 

4.424 

0.78 

0.142 

20.86 

hrs. 

2 

3.522 

5.010 

0.70 

0.142 

23.32 

3 

3.088 

3.818 

0.81 

0.142 

18.11 

Average 

3.348 

4.417 

0.76 

21.09 

Oct.    1 

Fasting. 

1 
2 

2.976 
3.000 

3.922 
3.919 

0.76 
0.77 

"     4 

tt 

1 
2 

2.718 
2.538 

3.580 
3.409 

0.78 
0.74 

2.5  gm.  Na  CO3in400cc.  water. 

1   and  2 

6.246 

8.102 

0.77 

3 

3.561 

4.655 

0.76 
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table,  no  appreciable  effect,  either  on  the  amount  of  carbon 
dioxide  eliminated,  or  on  the  respiratory  quotient,  was  obtained. 
An  experiment  on  Dog  42  that  received  the  standard  diet  gave 
equally  negative  results. 

Dog  57  was  depancreatizcd  on  Aug.  21,  1916.  A  fragment  weighing 
about  1.5  gm.  was  left  around  the  main  duct.  200  gm.  of  lean  meat  were 
given  daily.  On  Sept.  2  a  study  of  the  basal  metabolism  gave  quotients 
of  0.67  and  0.68  in  successive  periods,  indicating  that  ability  to  oxidise 
glucose  was  completely  lost.  This  was  confirmed  by  the  fact  that  after 
the  administration  of  50  gm.  of  glucose  the  respiratory  quotient  rose  but 
two  points.  The  next  morning  200  cc.  of  1  per  cent  sodium  carbonate 
solution  was  administered  intravenously  and  the  respiratory  exchange 
studied  for  two  periods.  The  respiratory  quotient  rose  to  0.72  during  the 
first  period  but  during  the  second  period  dropped  to  0.59,  which  was  found 
to  be  due  to  a  leak  in  a  valve.  After  the  administration  of  50  gm.  of  glu- 
cose and  about  5}  hours  after  the  injection  of  the  alkali,  the  respiratory 
quotient  rose  to  0.88  in  the  first,  and  0.96  in  the  third  period,  both  of  which 
periods  were  obtained  with  the  same  set  of  absorbers.  The  low  quotient 
of  0.65  was  undoubtedly  due  to  a  leak. 

TABLE  XI. 

Dog  57.    Female.    Weight  IS  Kg,    Partial  Pancreatectomy,  About  1,5  Gm, 

of  Pancreas  Left  around  the  Main  Duct. 


Respiratory  metaboliBm. 

Date. 

Time. 

Weight. 

RemarlcB. 

COt 

o« 

R.Q. 

MS 

kg. 

liUrt 

liten 

Sept.    2 

4.09-  4.54 

11.35 

3.24 

4.93 

0.67 

Basal. 

4.54-  5.58 

4.94 

7.10 

0.68 

6.05 

50  gm.  glucose  per  os. 

8.15-  8.55 

2.97 

4.22 

0.70 

"       3 

11.15-11.45 

200  cc.    of  1   per   cent 
NatCOi  intravenously. 

1.16-  2.02 

10.75 

4.62 

6.39 

0.72 

2.03-  2.32 

1.79 

3.12 

0.59 

Valve  leaked. 

4.15 

50  gm.  glucose  per  os. 

4.32-  5  16 

2.75 

3.13 

0.88 

5.16-  5.59 

2.995 

4.61 

0.65 

Valve  leaked. 

5.59-  6.44 

4.04 

4.10 

0.96 

Thus,  the  administration  of  glucose  or  carbonate  alone  caused 
but  a  slight  rise  in  the  respiratorj'  quotient,  while  the  adminis- 
tration of  glucose  at  a  time  when  the  urine  would  otherwise  have 
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been  sugar-free  and  when  the  carbonate  must  still  have  been 
circulating  in  the  blood,  as  shown  in  previous  experiments,  in 
the  first  paper  of  this  series,  jdelded  a  very  significant  increase 
in  the  respiratory  quotient.  This  dog,  anatomically  speaking, 
still  had  some  pancreas,  but  functionally,  as  indicated  by  the 
respiratory  quotient,  had  completely  lost  the  ability  to  oxidize 
sugar.  It  is  worthy  of  note  here  that  the  observations  on  Dog 
37  are  confirmed  by  this  experiment  in  which  the  alkali  was 
injected  directly  into  the  blood  and  hence  could  not  have  come 
in  contact  with  the  hydrochloric  acid  of  the  gastric  juice;  also 
that  Dog  57  received  200  gm.  of  lean  beef  daily.  It  is,  we  be- 
lieve, a  significant  fact  that  both  these  partially  depancreatized 
dogs  seem  to  have  lost  their  power  to  bum  glucose  to  a  large 
extent,  while  subsisting  on  a  diet  containing  meat. 

DISCUSSION. 

We  shall  not  attempt  at  this  time  a  full  explanation  of  the 
facts  presented  in  this  series  of  papers;  but  it  will  be  advan- 
tageous to  focus  attention  upon  the  most  important  facts  that 
have  been  established  beyond  a  reasonable  doubt. 

1.  In  completely  depancreatized  dogs  the  administration  of 
sodium  carbonate,  whether  by  mouth  or  by  the  intravenous  route, 
is  promptly  followed  by  a  retention  of  considerable  amounts  of 
glucose  of  endogenous  or  exogenous  origin.  The  retention  is 
rarely,  if  ever,  accompanied  by  any  evidence  of  improved  oxida- 
tion of  glucose. 

2.  In  partially  depancreatized  dogs  which  still  have  some  capa- 
city to  oxidize  glucose,  the  administration  of  sodium  carbonate 
or  sodium  hydroxide  with  glucose  is  followed  by  a  greater  oxi- 
dation of  glucose  than  when  either  is  given  alone. 

3.  Sodium  carbonate  itself  causes  but  a  slight  increase  in 
respiratory  quotient,  or  none,  whether  administered  per  os  or 
intravenously,  to  normal  or  diabetic  dogs. 

Thus,  it  seems  that  while  sodium  carbonate  or  sodium  hydroxide 
alone  cannot  restore  the  lost  function  to  an  organism  completely 
deprived  of  its  ability  to  oxidize  glucose,  either  substance  can 
improve  the  capacity  of  the  organism  as  a  whole  to  oxidize  glucose 
when  this  function  is  more  or  less  crippled  although  not  completely 
lost. 
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The  importance  of  alkalies,  particularly  sodium  carbonate  and 
the  alkaline  sodiimi  phosphates,  in  glycolysis  (11)  is  well  known. 
Rona  and  Doblin  (12),  as  well  as  Rona  and  Arnheim  (13),  have 
called  attention  to  the  fact  that  the  addition  of  phosphates  or 
carbonates  to  blood  increases  its  glycolytic  power  in  vitro.  More 
recently,  Levene  and  Meyer  (14)  were  able  to  demonstrate  a 
conversion  of  glucose  into  lactic  acid  by  leukocytes  in  the  presence 
of  an  alkaline  phosphate  mixture  imder  aseptic  conditions.  Thus, 
the  ability  of  alkalies,  particularly  sodium  carbonate  and  the 
alkaline  sodiimi  phosphates,  to  facilitate  a  primary  cleavage  of 
glucose  by  at  least  one  body  tissue,  the  blood,  seems  conclusively 
established.  The  manner  in  which  this  is  brought  about  is  as 
yet  imperfectly  understood. 

Warburg  (15)  has  shown  that  sodium  hydroxide  greatly  increases 
the  oxidation  of  fertilized  eggs  of  the  sea  urchin  although  it  does 
not  enter  the  egg.  Osterhout  (16)  concludes  that  ''small  amounts 
of  NaOH  are  able  to  produce  a  considerable  increase  of  permea- 
bility" and  calls  attention  to  the  fact  that  "increasing  the  per- 
meability of  the  egg  for  products  of  oxidation  would  increase 
oxidation."  Loeb  and  Wasteneys  (17)  confirmed  the  observa- 
tions of  Warburg,  but  found  that  with  Arbacia  eggjs  ammonium 
hydroxide  also  increased  the  rate  of  oxidation.  "The  fact  that 
NaOH  acts  more  powerfully  than  NH4OH"  in  the  same  con- 
centration of  substance,  they  believe,  "excludes  the  idea  that  we 
are  dealing  here  with  an  effect  of  the  undissociated  molecule, 
and  the  parallelism  in  the  effects  of  the  two  bases  suggests  a 
common  source  of  their  action;"  namely,  the  OH  ion.  "The  fact 
that  the  weak  base  acts  more  powerfully  than  we  should  expect 
from  its  degree  of  dissociation,"  may  be  ascribed,  they  think,  to 
its  greater  power  of  penetration  into  the  egg.  "In  this  case  one 
can  explain  all  the  phenomena  on  the  assumption  that  while  the 
greater  part  pf  oxygen  is  consumed  at  the  surface  of  the  egg, 
some  diffuses  into  the  egg  and  is  consumed  in  the  layers  adjacent 
to  the  surface." 

In  view  of  the  lack  of  definite  knowledge  as  to  the  conditions 
under  which  the  cleavage  of  the  glucose  molecule  is  brought 
about  or  the  manner  in  which  this  process  takes  place,  any 
attempt  to  describe  the  mechanism  whereby  the  oxidation  of 
glucose  in  the  depancreatized  dog  is  accelerated  must,  for  the 
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present,  be  mere  speculation.  It  might  be  suggested  that  sodium 
hydroxide  or  sodium  carbonate  accelerates  the  oxidation  of  sugar, 
by  increasing  the  permeability  of  the  cell  for  oxygen  or  glucose 
or  for  both,  or  that  the  union  of  the  alkaline  salt  with  the  sugar 
forms  a  combination  that  can  be  fixed  at  the  surface  of  the  cell 
and  there  oxidized.  On  the  other  hand,  the  alkali  may  act  by 
creating  a  more  favorable  environment  for  the  glycolytic  action 
of  a  cell  which  still  possesses  the  potential  capacity  to  burn 
glucose. 
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